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CHAPTER 1

INTRODUCTION

1.1. Introduction

Embroidery is the art of ornamental needlework, the embellishment,
decoration or ornamentation of any fabric (8). Emboridery, unlike other
branches of textile manufacture, 1s something added to a fabric to
enhance its value. Embroidery may be used for many purposes: bath ac-
cessories, decorative items, draperies, emblems, formal and casual wear,
upholstery, bedding and bed spreads, blazers, bridals, costumes, in-
signia, laces, night wear, and tablecloths, to mention a few.

The art of embroidery can be traced to the beginning of recorded
history. Machine made embroidery can be traced to’its early innovators,
Carl F. Weisenthal (1775) and Josua Heilman (1828) but Franz Rittmeyer
(1846) invented the first practical embroidery machine. Before this
time all embroideries were hand made. The original invention has
undergone many changes through the years.

There are two kinds of embroidery machines in use today:

1) Multi-head embroidery machines

2) Shuttle or 'schiffli' embroidery machines. ('Schiffli' in
colloquial German means a small boat, after the shape of the shuttles
used in these machines).

Multi-head embroidery machines are smaller than schiffli machines
and may have from 3 to 16 vertical sewing heads working on individual

frames in the horizontal plane. Schiffli machines have several hundred



needles working in the horizontal plane and one large frame which
moves in the vertical plane. The multi-head embroidery machines work
at 300-350 rpm as compared to 120-150 rpm for the schiffli machines.
Manufacturers of multi-head sewing machines include Wurker, Marco,
Gross and Zangs.

Within the shuttle or schiffli embroidery machines there are two
types:

1) Saurer (Switzerland)

2) Plauen (Metalmeccanica and Comerio Ercole (Italy),

Hitatchi-Seiki and Hiraoka (Japan) and Zangs (Germany)).
The Saurer embroidery machine differs from the Plauen machines in two
principal ways: Saurer has a left-hand threading system (the thread
enters the needle from the right) and uses a different punched card
control system not interchangeable with any other type of machine.

Both multi-head and schiffli machines are automatic and use punched
cards to control the frame movement. Three card control systems are in
use today. The Saurer card system is used on Saurer machines, the
Zangs card system on the Plauen machines and the Wurker card system on
multi-head embroidery machines.

The early embroidery machines were equipped with pantographs. A
stitcher would trace the stitches on a pattern and the frame would
respond in direct proportion to these movements. Pantographs have given
way to automats over the years. An automat is a unit that reads the
control card and translates the holes on the card into the movements of

the frame and various other machine functions. A survey taken in 1919



showed that, of the 2000 schiffli machines in existence, 2/3 were
equipped with pantographs and the rest with automats. A 1960 survey
showed 4.5% of the 1530 machines as being pantograph machines (8).
Pantograph machines are slow and require an additional person to oper-
ate them. Until World War II the embroidery trade was a cottage type
industry, manned almost entirely with family labor. During the war,
embroidery manufacturers saw some of their most profitable years. In
1947, entrepreneurs began expanding the schiffli industry and converted
it from a home industry to a thriving business activity.

Most of the literature available on embroidery-making deals with
hand-made embroideries. This is a different class of embroideries and
is outside the scope of this research. The only published work dealing
with the history and development of machine-made embroideries that has
come to the author's notice is Schneider's work (8) published in 1968.
Since then, until the present time, no work has appeared in the liter-
ature. Cottage type industries are usually labor-intensive in nature.
Embroidery making is no exception. The embroidery process has a low
ratio of machine running time to total time required to manufacture a
design, and method studies could provide significant savings in manu-
facture.

The material that follows deals with the manufacture of emblems
on the embroidery machine. The first emblems were made on the embroidery
machine around 1900. Since then they have gained popularity and are now
commonplace. Emblems are used as symbols of distinction by organizations.
They are worn by people to show that they belong, to let others know

about their job or function, or as achievement badges as members of a



group or organization.

The motivation for this research is the result of a summer's work
with an emblem manufacturer. The author has had training with
Metalmeccanica, Italy, and consequently, the analyses will refer to
the Plauen class of machines. Machines are available in 10, 12, 15,
and 16.4 yard lengths. As most of the machines used for emblem manu-
facture are capable of embroidering only 10 yard lengths of cloth,
these have been used in the study. Similar analyses for other types

and lengths of machines could be made.

1.2. Statement of the problem

While bidding on prospective jobs, an estimator must have an idea
of manufacturing costs. A scheme is needed to enable an inexperienced
estimator to make a good estimate of manufacturing costs even before
the expensive task of making a punched card is undertaken. The apparent
scarcity of work dealing with pricing policies instigated research into
two principal areas:

1) The development of normal times for various operations in

the emblem manufacturing process with a view of ultimately setting

standard manufacturing costs. The Methods-Time-Measurement (MTM)

procedure will be used to break down all the operations required
for the emblem manufacturing process into the basic (eleﬁental)
motions required to perform the operations. Each elemental

motion will be assigned a predetermined time standard from MIM

or equivalent tables. Fach elemental time is determined by the

nature of the elemental motion and the conditions under which it is



performed (6) (Appendix C). A complete synthesis of the em-
broidery process with validations forms the core of this study.

A micromotion film, made during an in-plant study, is the data
source for analysis of operations constituting 80% of the manu-
facturing time. This film was analyzed for the motion content

of the operations it represents and the results were compared to

the synthesized times. Emphasis will always be on the method of
manufacture; that is, the motions and sequence of motions required
to perform a function.

2) The development of a mathematical model for estimating the
stitch count, which in turn will be used to estimate the machine
running time. There is no accepted procedure in the industry for
estimating the stitch count. Actual counting of in-being samples
consumes many man~hours and gives an estimate perhaps to within

20% of the true stitch count. In a great number of cases in-being
samples are not available and an estimator must work with a sketch
of the logotype to be embroidered. The proposed model should give
an estimate as good as, or better than actual counting, but utilizing
the artist's sketch. The model should be methodical and give quick,

dependable results for estimation purposes.



CHAPTER 2

THE DEVELOPMENT OF STANDARDS

2,1. What is a standard:

2,1.1. Definition

A standard under modern scientific management is a carefully thought
out method of performing a task, or a carefully drawn out specification
covering an implement (3). The standard method for performing any task
is the best method that can be devised at the time the standard is drawn.
The best economic method is usually composed of motions which result in
a minimum time for performing the task (1).

Physical standards of manufacture relate to (1) specification of
the product and materials, (2) method of manufacture, and (3) equipment
to be used. This study assumes that the standards for product and
materials as well as the standards for the equipment have been established.
The objective of this research is to develop a basis for establishing

labor standards for the emblem manufacturing process.

2.1.2. How a standard is built

The steps involved in setting labor standards for an emblem are as
follows:
2.1.2. (a) The methods engineer subdivides the manufacturing process
into operations with clearly defined terminal points. For the emblem
manufacturing process this starts with the goods cutting operation and

continues through the removal of finished goods from the machine.



2.1.2. (b) Secondly, normal times for each operation in the sequence
are determined. "here are three methods by which normal times may be

set (3).

(i) By time study: This involves the listing of elements of an

operation, the order in which they occur, timing a trained 'average"
worker as he performs the given operation by the specified method
and listing the times. Normal times are evolved by eliminating

the outliers and averaging the observed time data. See (4).

(ii) By formulae: Predetermined, standardized motion-time systems

have been developed which relate the elemental motions required to
perform a series of operations to predetermined times for these
motions. Methods-Time-Measurement (MTM) and Universal Standard’
Data (USD) are two such systems (6). The use of formulae involves
identifying the elemental motions that compose the-operations and
combining the elements in proper sequence to determine the normal
times of the operation.

(1iii) By comparison: This method entails comparing a new product

with an existing product with similar labor operations.
2.1.2. {(c) The third step in setting labor standards is the application
of allowances to the normal times established by one of the preceding
methods. The stan&ard time is then applied to the applicable labor rate
to obtain a standard piece rate. The setting of actual standard times

and piece rates will not be considered in this research.



24143,

The purposes of setting standards

One purpose, among others, of this research is to provide reliable

estimates of normal times which are required to set time standards.

The purposes of setting standards are:

(1)

(11)

(iii)

(iv)

To systematically study the manufacturing process in order
to secure economies in manufacture.

Where selling prices must be set in advance of manufacturing
an item, to make it possible to estimate costs. In emblem
manufacture selling prices must be set before production
begins. Emblem manufacture is categorically a custom oper-
ation, and standard costs are of considerable use to the
estimating department as a basis for bidding on jobs. This
is the application of primary interest in this study.

To measure operating performance. Discrepancies between
actuél and standard times may be used to signal poor labor
or machine utilization.

To value inventory. Standard costs, once set should remain
constant for relatively long periods. They produce the same
standard costs for physically identical products whereas
actual costs may differ. The use of standard costs involves

less clerical work in inventory estimation.

2.2. The manufacturing process

The technical features of the machine are listed in Table 2.1,

The working of the embroidery machine will be described, followed by

the process analyses required to set standards.
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Figure 2.1 shows a front view of the embroidery machine. The
automat (a) is the heaft of the machine. It houses the card reading
mechanism (b), horizontal and vertical locks for the frame (c) and
(d) and horizontal and vertical handwheels to move the frame manually
(e) and (f). Also mounted on the automat is a hand lever {g) which
enables hand stitches to be made when the machine is stopped. The
automat reads a long punched card that controls the machine, called a
"jacquard" (Figure 2.2.) and translates the punched holes into move-
ments of the frame (h) and various controls. Thé terms "jacquard",
"tape", or "pattern", may be used interchangeably to describe the
punching made for use on the automat of the embroidery machine. The
frame is constructed of aluminum alloy and 1s extremely well balanced
by the spring at the machine stand (j) and various steel belts. The
machine can be thought of as being divided into two identical halves;
the top bank (k) and the bottom bank (1). Hence, two 10-yard lengths
of cloth can be embroidered at one time. Each length of cloth is mounted
on two rollers (m)., Only the top roller of the top bank is visible in
the picture. The cloth is tacked to a sharp comb along its length on the
top and bottom rollers. These rollers may be tightened or loosened by
operating a ratchet at the ends. To secure the cloth along its wi&th,
side combé (n) are provided at both ends. The stitching mechanism is
mounted on foundation pillars (p) and walls (gq). Spoel holders house
spools on the top and bottom banks (r). The yarn is threaded around the
emery rollers (s) (to avoid slippage), under the small brass rod and

over the large brass rod, to give it tension while the stitch is being
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Table 2.1

12

Technical Data for the Embroidery Machine.

Specification Value
Working speed 120 rpm.
Embroidery height AL
Embroidery length 30 feetl
Number of needles in 4/4 682
Shuttle No. 4
Yarn content of bobbin (76/2) 165 yards
Diameter of {yarn) spool 2"
Diameter of empty cloth roller 3"
Capacity of driving motor 1.5 H.P.
Length of machine 40.8 feet
Height of machine from
floor level 11.7 feet

11 tons.

Net weight approx.
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formed. The thread is then guided through the needle eye entering uon
the left hand side. TFor every needle there is one spool holder and
one shuttle box on the back of the machine. Benches (t) arc provided
at the back and front of the machine to permit working on the top bank.
A starting lever (u) enables the operator to start or stop the machine
anywhere along its length. Normally two people work on one machine;

an operator and a helper. The operator usually works at the front

of the machine and the helper at the back of the machine.

2.2.1. Qutline of the working process

The process for making an emblem commences with the company logo-
type. The first step is for an artist to sketch the design and get
approval from the customer. This sketch is enlarged six times (6X)
and a jacquard is punched for the design. The enlargement is called
a "cartoon". TFigure 2.2 shows a section of the jacquard. The jacquard
is mounted on the machine along with the proper thread combinations.

The fabric is spanned onto the machine along with the proper thread
combinations and stitched.

After stitching, the cloth is removed from the machine for finishing.
The first of the finishing steps is to cut the long threads deposited by
the spring stitching, which connects the various embroidered segments
of an emblem to starting points on the border of the emblem. Next the
backing and the base cloth are bonded in a steam press, after which
all regular shaped emblems are stamped out by special dies and irregular

shapes handcut. The cut emblems are then surged in a special sewing
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machine with an overlocking stitch to give them a durable edge. This
research is concerned only with the stitching phase of emblem manu-

facture. The finishing aspect is left for further investigation.

2.2.2. Process description

The process for emblem manufacture is flow charted in Figure 1A,
Appendix A. The elements of the process chart are listed in Table 2.2
along with the times for each operation and the symbols used to repre-
sent the operations in the flowchart. There are twenty one distinct
operations required to embroidered emblems. Each operation is described
in turn as it occurs in the process. Initially, after a prier job has
been completed, the machine has only a jacquard and shield boards mounted
on it (to facilitate the mounting and removal of goods). Each batch of
new emblems to be stitched will then be processed on the machine, after
which the machine is returned to its latent state ready for the next
job.

In the process chart certain non-conventional flowcharting symbols
have also been used as well as descriptions. These will be introduced
in sequence at the time their function is described.

The embroidery process begins thus:

Goods cutting operation., See Table Cl. This involves the cutting

of two pieces of "goods" and "backing" into 10 1/2 - yard lengths. Al-
though the stitching length of the machine is 10 yards, the extra L2
yard is required to tack the goods onto the side combs on both sides.
The "'goods" are hand-waxed on the back side. Waxing of goods reduces

thread breakage of the front yarn. As the threaded needle passes through
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the cloth in the stitching process, the wax lubricates the thread thus
making it less susceptible to fraying. The backing is required to
stiffen the emblem which in turn makes it durable. 1In this process the
backing is not glued onto the goods but is sewed with the base cloth as
the emblem is stitched.

Goods spanning operation. Refer to Table C2. Here the goods are

mounted onto the top and bottom banks of the machine at the required
tension., This tension of approximately 60 lbs. is required to held the
cloth firm while being stitched. The operator and helper tack the

top and bottom edge of the cloth onto the combs along the length of the
machine. After positioning the cloth so that the top roller is bare,
the cloth is tightened with the aid of a prybar and an extension tube
(Table 2.3, Ttem 14). The cloth is then tacked onto the side combs

to give it a horizontal anchor. Both lengths are mounted onto the top
and bottom banks. It is important that the goods be tightened as they
tend to sag while the machine is in operation and when the goods are
left on the machine overnight. When the goods sag the yarn colors can-
not be accurately superposed and quality of the finished emblem de-
teriorates. |

Stiffener spanning operation. See Table C3. The stiffener or

backing is mounted glued-side facing the waxed side of the goods. The
backing is glued on one side so that it can be bonded firmly to the base
cloth after the finished goods have been taken off the machine. The
backing is tacked intermittently onto the top comb and firmly on the

entire length of the side combs.
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Loading operation (::) ¢ This includes the mounting of the thread
spools onto the machine in a specific manner. See Table 2.3, Item 1.
The yarn is consistently threaded from the left hand.side of the spool.
Depending on the size of the emblem there are different loading
operations. The distance between two adjacent needle holders on the
embroidery machine is 26.84 mm. In the arrangement where all the
needle holders are active, that is, have needles mounted in them, the
arrangement is called a "4/4 repeat.'" This corresponds to an emblem
size of approximately 1 inch. ZLarger emblems require the omission of
needles from certain needle holders. In an arrangement where every
other needle holder is active, (that is, has needles mounted in it)
the needles are spaced 53.68 mm apart. This arrangement is called an
"8/4 repeat." Similarly, an arrangement where every third needle holder
is active, the needles are spaced 80.52 mm apart and is called a
"12/4 repeat." The 8/4 and 12/4 repeats on the embroidery machine are used
to embroider emblems 2" and 3" in size resgpectively. It must be remembered
that every active needle holder is threaded and stitches during the em-
broidery process. More than 95% of the emblems made today are 8/4 and

12/4 repeat emblems. Accordingly, the study is limited to these two ar-

rangements.
Loading operation (::) (::) : See Table C4 and Loading operation
(::) (::) : See Table C5. These are the loading operations for the

8/4 and 12/4 repeats. Figures 2,3 and 2.4 show the arrangement of spools

for the 8/4 and 12/4 repeats. Loading operations (::) (::) involve

the loading of spools on the top row, for both the top and bottom banks
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Figure 2.3: Schematic representation of an 8/4 repeat.

Rows (a) and {(c) constitute the top bank of snools
Rows (b) and (d) constitute the bottom hank of snools
(a} and (c) are rows of spools of the same color
(b) and (d) are rows of spools of the same color
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Fipure 2.4: Schematic representation of a 12/4 reneat

Rows (a) and (c} constitute the top hank of spools
Rows (b) and (d) constitute the bottom bank of spools
(a) and (c¢) are rows of spools of the same color
{(b) and (d) are rows of the spools of the same color
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for the 8/4 and 12/4 repeats respectively. See (a) and (c¢) in Figures
2,3 and 2.4. Loading operations (::) (::) involve the loading of
spools on the bottom row for the top and bottom banks for the 8/4 and
12/4 repeats respectively. See (b) and (d) in Figures 2.3 and 2.4.
Both loading operations are basically the same. The only differ-
ence between them is the number of spools loaded: 340 for the 8/4

repeat and 230 for the 12/4 repeat.

Threading operation (::) ¢+ This operation requires all the
threads to be twisted around the emery roller once (to avoid slippage);
under the small brass rod and over the large brass rod (to provide thread
tension while forming the stitch). See Table 2.3, Items 2, 11. The
yarn is then threaded (See Table 2.3, Items 4,12,13) through the needle
eye from the left hand side. Figure 2.5 shows schematically how the

yarn is threaded.

Threading operation (;:) : See Table C6 and Threading operation
(::) : See Table D7. This operation entails the twisting aund the
threading of spools for the 8/4 and 12/4 repeats respectively. For the
8/4 repeat two threads on either side of the roller bearings are to be
guided through the guide-bar. In addition, one thread on each side of

the foundation pillar on the bottom bank is to be guided through the
guide-bar. In the 12/4 repeat no threads are guided through the guide-
bars, as the needles are spaced approximately 3" apart and the threads
are kept from entering the roller bearings.

Checking operation~l. See Inspection; Table C8. This operation

requires the operator to check that all the spools have been correctly
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twisted and threaded, and if not, to correct the defects. At the same

time the helper also locks the machine. This is a useful check. The

machine may be damaged 1if started witl the frame unlocked and wiichine
w

open. If some of thlie needles are not threaded correctly, the enmblems

produced by the improperly threaded needles may be defective and re-

jected.

Shuttle service operation. See Inspection/Operation; Table C9.

The helper keeps the machine supplied with full shuttles in all shuttle
boxes, making the change while the machine is running. At the outset
all the shuttles are checked and the empty ones replaced so that the
machine starts with full shuttles. The construction of the shuttle
driving rail is such that the empty shuttles can be seen without having
to open the shuttle boxes. A little opening on the side of the shuttle
shows how full it is. The key to good quality work on an embroidery
machine is to keep the shuttles full. Shuttles are also checked each
time a row of emblems is stitched with each color.

Jacquard mounting operation. See Table C10. This requires the

operator to mount a new control card, the correct one for the emblem

to be embroidered, onto the machine. The previous control card is rolled
and returned to a storage rack. (The card reading mechanism on the
automat is mever left without a tape, as accidental starting or hand
gtitching would result in certain damage to the automat. An interlock

to prevent this could be provided, but is not standard equipment).

Checking operation-2. See Table Cll. This involves a final check

before starting the machine. The operator checks to see that the shuttle



rail is closed. Also, the frame is checked to see that it is in position
vertically and centred horizontally. After the check is complete the
automatic stop is reset and the switch is turned on.

Initialization operation. See Table Cl2. To aveid loose ends of

yvarn in the top row of emblems, the threads are anchored to the cloth
with a few stitches (20 to 30) and the leads detatched manually. See
Table 2.3, Item 5). The shuttles are checked again, to detect those
that are not working. The helper first checks the shuttles and then

helps the operator pull threads.

Stitching operation ég%? : Here the emblems are stitched, one
color at a time. Since ﬁost embroidery machines are not equipped with
color change devices, only one color may be embroidered at a time.

After each row of emblems is embroidered with a particular color, the
control card is turned back to the starting point of that color, the
frame is indexed to the next row of emblems, and a new row is embroidered.
When the entire height of the stitching field has been embroidered, the
color is changed and the second color is stitched row by row starting
from the bottom. After the entire height of the frame has been stitched,
the third color is loaded and stitched from the top to bottom. The
stitching operation is entirely automatic and the operator watches for
broken or frayed threads and rethreads them while the machine is running.
The helper is responsible for keeping the machine full. The stitching
operation has not been synthesized by MIM and USD, but a method to estimate
machine running time is developed later in this section.

Preparation-1l. See Table Cl3. After a color has been stitched and




before the next color is loaded on the machine a preparatory step is
required. Preparation~l includes the removal of threads on the machine.
The machine is opened and the front yarn attached to the goods is cut
at the cloth line with a knife. 5ee Table 2.3, Item 6. The shuttle
threads are left intact. The front yarn is then cut with a scissors

at the guide-bar. See Table 2.3 Item 7. After this, the threads are

removed manually and discarded. See Table 2.3 Ttem 8.

Switching operation (::) : This operation entails the switching
of two entire top and bottom rows of spools, both on the top and on
the bottom bank of the machine. This is done cyclically using both
hands. For emblems having two or more colors, both the top and bottom
rows are loaded with the first two colors to be used on the emblem, and
then these are switched after the first color has been embroidered. Sce

Table 2.3, Items 9,10.

Switching operation <::> . See Table Cl4. and Switching operation

¢ See Table D15. This operation requires switching an entire
top‘;ow of spools with the bottom row, both on the top bank and on the
bottom bank of the machine, for the 8/4 and 12/4 repeats respectively.
In Figures2.3 and 2.4, (a) is switched with (¢) and (b) is switched

with (d).

Unloading operation : This operation involves the removal

of spools from the machine and systematic replacement of the spools in

the appropriate storage carton.

Unloading operation @ . See Table Cl6 and Unloading
operation @ . See Table C17. These are the unloading
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operations for the 8/4 and 12/4 repeats respectively. Unloading oper-

ations (::) (:ED include the removal of spools on the top row for

both the top and bottom banks for the 8/4 and 12/4 repeats respectively.
See (a) and (c) in Figures 2.3 and 2.4. Unloading operations (ZTF (Eﬁ“
include the removal of spools on the bottom row for both the top and o

bottom banks. See (b} and (d) in Figures 2.3 and 2.4.

Rollover operation. See Table CL8. When the total vertical height

(24") of the potential stitching field has been stitched, the goods are
"rolled over.'" This means the goods on the rollers are shifted after
the stitching field has been used up, to reset the goods for the next
field of stiching. This operation requires the finished goods to be
rolled up on the top roller, while the unworked goods unroll from the
bottom roller. 1f the cloth span consists of one 10-yard length of 42"
width, one rollover is necessary. If two or more 10-yard lengths are
used in the span the pieces are sewn together on the selvages. This

is a disadvantageous procedure, since the turnaround time is increased
because finished goods may remain on the machine for a long time awaiting
the end of a span.

Preparation-2. See Table Cl19. Before the removal of finished goods

from the machine, a preparatory operation is required. After stitching
ends, the machine is opened, the frame raised to allow enough bobbin
varn length. Both the operator and the helper cut the front (needle)
yarn with a knife at the cloth line, then at the guide-bar with a
scissors. After the front varn is cut with a knife at the cloth line,

the helper then cuts the shuttle yarn with a knife, (If the shuttle
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yarn is cut first, the embroidery will start to rip off). The front
yarn is removed for disposal.

Goods removal operation. See Table C20. Shield boards are first

mounted on the machine over the brass rods, to facilitate removal of
finished goods and spanning of goods onto the machine. The goods are
then taken off the machine. The bottom rollers are loosened with a
prybar. The cloth is first taken off the side combs and the bottom
comb, then rolled up on the top roller. Then it is carefully unreolled
from the top roller onto the shield boards and is bundled at the far end
of the machine. The bundle is then taken to the finishing section of
the plant. The present operation analysis stops here. Both the top and
bottom spans are removed in an identical manner. The machine is now

ready to process a new gpan.

2.2.3. Analyses

Each of the above operations is listed in Table 2.2. 1In the entire
analysis only two persons are assumed working on the machine--an operator
and a helper. All of the 20 operations in Section 2.2.2. (with the
exception of the stitching operation) have been analyzed into MTM elemental
motions, from which operation times have been synthesized. The time re-
quired for the performance of the 20 operations is obtained by table
look-up {Appendix C). Throughout the study Methods-Time-Measurement
(MTM) and Universal Standard Data (USD) systems have been used.

A brief explanation of how to read Tables Cl through C20 follows.

(It is assumed the reader is familiar with the use of MIM and USD standard



data). There are three main columns in the table, headed HELPER,
OPERATOR, and TOTAL. The HELPER and OPERATOR golumns each have three'
sub-columns headed LEFT HAND, RIGHT HAND, AND BODY. The MTM elemental
motions listed in each of these latter columns are the motions that
these respective members perform. A horizontal line in either of the
columns headed HELPER and OPERATOR is the beginning or the end of a
simultaneous motion point for that person. Simultaneous motions are
motions performed by two or more body members at the same time (7).

Simultaneous motion points for the operator and helper together are

indicated by a horizontal line through both columns. At such simul-
taneous motion points totals of elapsed time from the previous simul-
taneous motion point are carried foreward. The basic motions and the
symbols used to represent them in the MIM and USD systems are listed in

Appendix B.

2.2.4, Machine Running time

Next, the development of estimates for machine running time will
be considered. Machine running time in embroidery manufacture is a
function of the number of stitches in the design of the emblem. The
number of stitches in an emblem will vary according to the complexity
of the emblem and the quality standards expected by the customer.

The embroidery machine is not an infinitely Qariable—speed machine.
The driving motor has an expansible pulley whereby the speed can he
varied over a small range from about 115 rpm to 125 rpm (normally). Once
the speed has been set at a particular value, it remains constant unless

the pulley setting is changed. The type of machine dealt with here



29

runs best around 120 rpm. All Plauen-type machines have either a clutch
mechanism or a two speed motor to enable the automat to run the machine
at a 'slow' speed as well as at '"fast' (normal) speed. In the clutched
machines a 2 to 1 reduction in the gearing provides the 'slow' speed

of 60 rpm, compared to a 'fast' or normal speed of 120 rpm. The change
of speeds is mechanical and is programmed inteo the jacquard. The two
speed feature in embroidery machines is incorporated for:

1) Ease of automatic engagement and disengagement of various
controls. The embroidery machine is mechanical in nature,
with control residing primarily in levers, bearings and cams.
The machine may in certain cases be damaged due to the en—
gagement or disengagement of controls at the higher speed.

2) Stitching spring stitches to avoid bobbin yarn breakage
resulting from fast speeds. Only spring stitches are stitched
at slower speeds.

It must be remembered that the needles in an embroidery machine have
only a rectilinear motion. The embroidered area is stitched by moving
the frame on which the cloth is mounted. This frame moves on two axes
perpendicular to the needle movement. This produces the relative move-
ment between needle and cloth that is required to stitch a pattern. One
forward and backward movement of the needle is counted as a half stitch
by embroidery designers. Thus, in order to lay down one length of thread,
commonly called a stitch, two such half-stitches are required. Hence,
the embroidery machine, running at 120 rpm makes 60 stitches per minute
when running fast and 30 statches per minute when running slow. Ixperience

has shown that spring stitches are stitched at approximately 2 stitches
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per inch. This will vary slightly among persons who punch jacquards.
More than 2 stitches per inch indicates inefficient utilization of the
machine while fewer stitches per inch risks bobbin yarn breakage.

For the purpose of this regearch, an estimate of the total number
of stitches in the emblem is required in order to estimate the machine
running time. Chapter 3 is devoted to developing an estimating equation
for the stitch count of an emblem.

Machine running time may be estimated in the following manner. The

total number of stitches is defined as

N = Nf + NS (2.1)
where

N = total number of stitches in the emblem,

Nf = number of stitches to be stitched at fast speed,

Ns = number of stitches to be stitched at slow speed.

Mso, the number of stitches at slow speed is

N, =k (LS) (2:2)
where

LS = length of the spring stitches in inches,

k = an empirical constant, here taken as k = 2,

the approximate number of spring stitches per inch.
Substituting for Ns in {2.1) from (2.2)

N = Nf + 2 (LS) (2.3)

Then, the estimated machine running time in minutes is
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Cf 2 (LS)

~ 60 30 . (2.4)

2.2.5. Validation

In an effort to partially validate the analysis of some of the
cperations, an in-plant study was undertaken. A micromotion film,
made during this study, provides raw motion-sampling data on operations
covering more than 80% of the manufacturing time. The film was taken
at 1000 frames per minute. Table 2.3 lists the operations studied by
the micromotion film, along with the synthesized MTM times for cycles

from these operations.

In this chapter the normal times for operations in the embroidery
process have been developed. The normal times developed may be con-
verted to standard times by the application of rating and allowance
factors. These are subjective in nature and vary among embroidery
manufacturers. Once standard times have been established, the applicable

labor rate may be applied to obtain standard costs.
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CHAPTER 3

REGRESSION ANALYSIS FOR ESTIMATING THE STITCH COUNT OF AN EMBLEM

3.1. The problem

In Chapter 2 the need for an estimate of the emblem stitch count
was stated, in order to estimate the machine stitching time for an emblem.
The stitch count of an emblem is the total number of stitches in that
emblem. The development of an estimating equation, based on estimates
of the parameters of the emblem, forms the contents of Chapter 3.

The following paragraph describes a procedure that is quite common
in the embroidery industry. Usually, the only information available
to the estimator is the logotype or monogram (design) of the emblem
to be produced., The designer must translate the logotype or menogram
into the kind of emblem that works best on the embroidery machine. The
first step is to sketch the design and get it approved by the customer.
When the sketch is approved, the type of yarn and fabric are agreed upon.
The next step is to make a six-fold enlarged technical drawing of the
sketch, using an overhead projector. Lines representing stitches are
then embossed into the technical drawing, using star-shaped wheels.

The enlargement (or '"cartoon') is the 6X technical drawing showing the
stitches laid out on the outlines of the motifs to be embroidered. When
the cartoon is complete, it is given to the stitcher (in the case of
hand-controlled machines) or to the puncher (for punched-card controlled
machines) for preparation of the jacquard. The puncher uses a separate

punch pantograph to retrace the stitch lines on the cartoon. The movements
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of the pantograph are registered by punching holes in a tape, which
then forms the jacquard for the card controlled embroidery machines.

In order to quote a price to a customer, a supplier must have
an estimate of the stitch count of an emblem, even before the enlarged
cartoon or the jacquard is made. Although an exact stitch count would
be desirable, it is never available until the jacquard is made in the
manner described above. There is no accepted procedure in the industry
for estimating the stitch count of an embroidery pattern before the
jacquard is actually made. Even when in-being samples of stitched em-
broidery are available, counting stitches on a pattern is an expensive
and inaccurate task. A designer must often spend several hours using
a magnifying glass to retrace all of the movements of the puncher who
first made the emblem. This procedure gives some sort of stitch count
estimate, perhaps within 20% of the true stitch count. Different
punchers use different techniques and it is difficult for ome puncher
to duplicate another's technique.

The present procedure proposes to estimate the stitch count with
considerable precision by using only a sketch of the emblem, before
the expensive task of making the jacquard is undertaken. The method
is procedural and takes much less time than actual counting. The ratio
of the machine running time to the total manufacturing time of an emblem
is small, so a good estimate with a relative error of the order of 10 to
15% of the true value or less, arrived at quickly by a consistent method
would give a reasonable basis for estimating machine running time.

One approach to the solution of this problem lies in using multiple
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regression techniques (2). The development of a regression equation

would provide management with an easy and dependable method to estimate

the stitch count, and hence, the machine running time.

A linear relationship of the form

5C

where:

sC

between

ables X,
i

m
b, X, + ) b, Y. . +e {543
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i

the dependent wvariable, stitch count,
independent categorizing variables (Xi = 0,1},
independent continuous variables (0 L w),

the error term (NID (0,02)),

the dependent variable stitch count and the independent vari-

and Yi, is assumed as the estimating equation. The coefficients

bi are determined by the multiple linear regression technique.

Emblems, in general, may be categorized in several ways.

For example, emblems may be categorized by

(1)

Size: The size of an emblem is defined as its longest
dimension on its shortest side, when the emblem is inscribed
in a rectangle, Figure 3.1 demonstrates how the size of an
emblem can be found. Size is important from the production
viewpoint. An emblem is stitched as if it were standing
vertically on its narrower side. (See Figure 2.1 (b))

This arrangement permits more emblems to be stitched in one

row on the machine at any one time.
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Figure 3.1 The size of an emblem
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The size 'X' of an emhlem is its longest dimension on
its short side '0’'

An emblem is stitched as though 1t were standing on its
1ts narrower side (b)
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(ii) Number of colors: Theoretically this could be very large

number, but most emblems manufactured today rarely exceed
five colors. Typically emblems have up to four colors.

(iii) Yarn Size: In the emblem industry the most commenly used

yarn counts are 150/2 and 100/2. The material used is

rayon yarn. The count of a yarn for man-made fibres is the
number of deniers (0.05 grams) that a 450 meter length of
varn weights. As the diameter of the yarn increases, this
number increases (9). The 2 represents the number of strands
that are twined to form the thread. The 150/2 yvarn is often
preferred to the 100/2 yarn because of economic reasons.
Accordingly, the present model deals only the 150/2 count

of yarn.

Emblems, in general, also vary in the number and types of stitches
required: usually, one or more of five types of stitches may be required
to stitch an emblem. The embroidery machine is designed for lock stitching.
It produces five types of stitches, as illustrated in Figure 3.2 and de-
scribed below:

(1) Background area stitches: A solid organized mass of stitches

laid onto a desired outline on the base cloth. A background
area stitch is made in a systematic way, with stitches side

by side, very often horizontally or vertically. This is not
a requirement of the background stitch, but this is the form

in which it is most frequently encountered.

(ii) Fill-in area stitch: Embroidery patterns in general and
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Figure 3.2: Various types of stiches
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Legend:
A Background area stitches
B Fill-in area stitches
C cover stitches
D Linear stitches ---- D1 - Border stitches
E. Spring stitches D2 - Guide stitches
D3 ~ Linear stitches in hodv of emblem
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emblems in particular are three-dimensional in nature. To
build up this three-dimensional effect, all areas on the
emblem, with the exception of the background area, require
a series of fill-in stitches, or an '"underlay'", as designers
frequently call it. This is not a regular stitch and dif-
ferent puncﬁers have different methods of providing fill-in
while punching the jacquard. The designer merely lays out
the cover stitches on a cartoon and it is up to the puncher
to give an emblem its body or fill-in. The point here is
that an area is to be underlayed in the form of a matte in
order to give a three-dimensional effect to the area of in-
terest.

Cover stitches: The underlay or fill-in stitch in an em-

(iv)

broidery pattern will invariably be covered up using closely
spaced finish stitches.

Linear stitches: This is the type of stitch one typically

sees made by a domestic sewing machine. Linear stitches by
the embroidery machine are used on emblems to stitch borders
and guides. Border stitches are used to stitch the stiffener
and base material together as well as reference the die
while stamping out the emblems in the finishing process.
Guide stitches are used to reference colors. Very few
embroidery machines are equipped with automatic color change
devices. In multicolored emblems, guide stitches are used

to insure the correct superposition of colors.



(v) Spring stitches: These stitches are used as transport stitches

to and from different areas of the emblem. They are made when
the frame is intentionally moved with the needles not stitching.
Spring stitches appear as long threads lying on top of the

emblem and must be removed in the finishing process.

3.1.1. The Sample

The regression has been developed using a sample of 62 emblems
supplied by an emblem manufacturer. Of these, 44 were 2" in size, 27
were 3" in size and 1 was 4" in size; this corresponds to the 8/4, 12/4
and 16/4 repeats respectively. There was no predetermined selection
procedure followed in gathering the sample. All available emblems were

used to gather as large a sample as possible.

3.2. Variables used in the development of the model

The information that a design sketch lacks as compared to an in-
being sample is:

1} No spring stitches are present,

2) No guide stitches (linear stitches) are present for emblems
with more than 1 color..

While estimating the stitch count, the estimator is required to
know, among other things, the total length of the linear stitches and
spring stitches. The layoﬁt of the spring stitches and guide stitches
to reference colors can easily be taught to an unskilled estimator while
the use of the estimating model is being explained to him.

Ten variables were considered as having a potential effect on the

stitch count of an emblem (5). These 10 wvariables fall into two broad
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groups: (a) categorizing variables and (b) continuous variables.

3.2.1. Categorizing variables

The wvariables considered in a regression equation can usually take
values over a continuous range. Sometimes a variable may have two or
more distinct levels. Data may represent emblems of two sizes, either
of one to four colors, or the presence or absence of some other wvariable.
In such cases levels are assigned to such variables as "size" and 'number
of colors" to account for the fact that various sizes or colors or the
presence or absence of a variable may have separate deterministic effects
on the stitch count. Variables of this sort are called dummy variables.
Dummy variables group the data so that the data are more homogeneous
within groups. Dummy variables are unrelated to any physical levels
of the parameters themselves. The following are the categorizing variables

chosen for consideration.

3.2.1. (a) Size of the emblem: S12/4

Sizes were classified into two groups. Emblems with the eight-
quarter repeat formed one group and emblems with the twelve-quarter
repeat formed the other group. The one sixteen-quarter emblem was lumped
together with the twelve-quarter emblems as a matter of convenience. A
0-1 dummy variable was created to represent these two groups:

The variable S12/4 was assigned values:

512/4 0 if the size of the emblem is 2"

S12/4 1 if the size of the emblem is 3"



3.2.1. (b} Background-No background area stitch: NBG

The dummy variable classifies the emblems into two groups: those
with background area stitches and others without background area
stitches. A 0-1 dummy variable was created to represent the presence
or absence of background area stitches.

The variable NBG was assigned wvalues:

NBG

0 if background area stitches were present,

NBG = 1 if background area stitches were absent.

3.2.1. {c) Number of colors wvariable: Cl’ CZ’ 03.

C, and C

Three dummy variables Cl’ 2 3

were created to represent
emblems with two, three, and four or more colors, respectively, trearing

the one color case as the base.

This was accomplished in the following manner:

Dummy variables: Cl C2 03
One color emblems ;;- E;— b_
Two color emblems 1 0 0
Three color emblems 0 1 0
Four or more color emblems 0 0 1

This procedure allows treatment of ¥ levels by the introduction of
(r - 1) variables.

In the sample of 62 emblems there was one emblem-that had five colors
and this was lumped together with the four color emblems as a matter of

convenience.
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3.2.2. Continuous variables

This group of variables comprises the various types of stitches.
These variables are considered to be independent variables in the re-
gression analysis. These variables may take values over a continuous

range and must be measured for each emblem.

3.2.2. (a) Area of the background stitch: AB

This variable is the most potent contributor to the stitch count.
It is observed that background area occurs in significant amount in
emblems. The mean for this variable for the 27 emblems having background
area was 2.10 sq. inches, as compared to (.92 square inches for the
entire sample. The assumption made here is that the density of the
background area stitch per unit area in different emblems and within
different areas on the same emblem is constant. The area of the background
stitch was measured using a polar planimeter. An experiment to determine
the accuracy with which areas could be measured by a technically untrained
group was made and the results (Section 3.3) showed that areas could be
measured to 1% of their true values. The area was recorded in square
inches to the nearest 0.0l square inch (the smallest division estimable
by the vernier scale of the planimeter), from a 2X picture of the emblem.
The actual area on the emblem, one~fourth the picture area, was used in

building the model.

3.2.2, (b) Area of the fill-in stitch: AF

Fill-in stitches are required in an emblem to give it a raised,
three—dimensional effect, Fill-in stitches are not present on the

cartoon. The puncher thus has considerable latitude in the creation



of the underlay. Two punchers, working from the same cartoon, may pro-
duce entirely different effects on an emblem depending on how they pro-
vide for the fill-in stitches. Consequently, the resulting stitch count
for the jacquard may vary considerably. This is one of the least under-
stood areas in design punching. This "designer effect"” could not be
identified in the sample and was thus pooled with the error term. The
consequent assumption made here is that number of stitches in an under-
lay is proportional to the area to be filled. This is a reasonable as-
sumption because an underlay is invariably covered on an in-being sample

and the only indication about its stitch count is the area which it

b4

covers. As the actual fill-in area could not be identified on the samples

the area covered by the cover stitches was used in the calculations.

3.2,2. (c) Length of the cover stitches: LC

This variable was measured in inches using a map measurer, an in-
strument used to measure linear distances along curved paths. In this
study the map measurer was used on the photos of the emblems. Its ac-
curacy was determined by a method similar to that used to test the polar
planimeter; the results (Section 3.3.) showed that lengths could be
measured to 2% of their true values. The tracing wheel of the map
meaéurer was run along all center lines of elemental areas of the motif
having a constant width (i.e. constant length of cover stitch) beginning
and ending with the extremes of such areas. For elemental areas of. the
motif with varying cover stitch length, the edge to edge distance

measured perpendicular to the direction of the cover stitches was added.
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A linear measure of the cover stitch was considered to be a reasonable
characteristic as this is the manner in which the designer inserts cover
stitches into an emblem. Here, half the length of the cover stitches on
the 2X picture equals the corresponding length on the emblem.

The assumption made here is that the stitches per running inch are
the same for all emblems stitched with the same count of yarn; also, the
cover stitch density is the same for different parts of the same emblem.
Although this is a simplification of the actual process it provides a

repeatable method of estimating the number of cover stitches.

3.2.2. (d) Length of spring stitches: L§

Spring stitches appear as "strings" over the top of the stitched
emblem and are not physically stitched onto the emblem. In a finished
emblem, however, they are absent, having been removed in the finishing
process. However, the samples used in this study had the spring stitches
present (they were sampled before the finishing process). The assumption
made here is that the length of the spring stitches is proportional to
the number of such stitches. This is reasonable because once the emblem
is stitched there is no way of telling exactly how many stitches were
required to "spring'" over a particular length, even on an in-being
sample. Tt must be noted that, to avoid breakages of front and bobhkin
yarn, spring stitches are stitched at a slower speed than all other stitches.
This was mentioned in Chapter 2 and a method to treat slower speeds was
outlined. The map measurer was used on the 2X enlargement to give the

length of spring stitches in inches.
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3.2.2. (e) Length of linear stitches: LL

Linear stitches appear in an emblem as border stitches and guide
stitches to reference colors. These may not be the only uses of linear
stitches. They may be used with advantage in the body of the emblem;
the length of the linear stitches in the body of the emblem is added
to the length of linear stitches of the border and guides to give a |
value for this variable. Stitches which are used to link two letters
of motifs may be considered as linear stitches. However, the length of
such stitches is small as compared to the total length of the linear
stitches and has been neglected.

The assumptions made here are that the number of linear stitches
is proportional to the length stitched, and that this number is the same
for different emblems and different areas on the same emblem. The map
measurer was used on the 2X picture to measure this length in inches.

In building the model, actual lengths (half the lengths on the 2X
picture) of the spring and linear stitches were used and not the values

measured by the map measurer.

3.3. Implements used

In the course of the data reduction a polar planimeter and a map
measurer were used to measure certain variables of the emblem.

A polar planimeter (K & E 63-0000) was used to trace the area of
the background stitching and the area of the fill-in stitching. The
planimeter measured square inches, tenths, and hundredths of a square
inch. Due to the uneven surface of an in-being sample and the presence

of long threads representing spring stitches, it is difficult to use a
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polar planimeter on an in-being emblem. In this study, double-sized
black and white photographs were made of all the emblems constituting

the sample. The planimeter was used on the photographic prints to find
the areas of interest. One-fourth of the area on the enlarged photo is
the actual area on the emblem. The area on the enlarged photo was traced
ten times without resetting the planimeter in order to give a mean esti-
mate of the area with reduced error.

If certain letters of motifs on an emblem were stitched together,
the area was found in one trial. If the letters were stitched separately,
they were treated as such and the individual areas added to give the
total figure area. Figure 3.3. illustrates this point. Two trials were
needed to find the areas of letters with embedded blanks. See Figure 3.4.
The embedded area was subtracted from the total area to give the net
stitched area. The fill-in areas were found by tracing the letters or
motifs along the periphery, although the fill-in stitches may not actually
extend to the periphery. WNo allowance has been made for this discrepancy
as there is no means of estimating this error on an in-being sample.

A map measurer (K & E 63-0300) was used to measure lengths of cover
stitches, spring stitches and linear stitches. Cover stitches are used
as finish stitches to cover the underlay required to give an emblem its
three-dimensional effect. The tracing wheel on the map measurer was run
along the center-line of the letter or motif in a direction perpendicular
to the actual stitch direction (as defined in Section 3.2.2. (c)).on the
2X picture of the emblem, as shown in Figure 3.5. Half the length on the

enlarged photo equals the corresponding length on the emblem. The length



Figure 3.3: Measurement of areas on joint and disioint letters.
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Figure 3.4:

Finding areas of letters with embedded blanks
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Figure 3.5:
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was traced five times and the mean value obtained to reduce the measure-
ment error. The map measurer was calibrated in inches and half inches.
This map measurer was provided with a swivel handle for easier negotiation
of the curved paths.

In certain letters the actual stitch path differs slightly from the
center-line of the letter or motif, as in the letters A and M Figure 3.5.
In this study the actual stitch path was used as contrasted to the mean
stitch path. The length of the spring stitches and linear stitches were
also measured from the double-sized photographs. Measurements were
halved to give the corresponding lengths on the actual emblem. In each
case an average of five trials was taken. Lengths were recorded in
inches and tenths of an inch. As the smallest division on the map measurer
was one half inch, a 0.1 inch approximation was used on this smallest
division.

An experiment was performed to determine the precision with which
areas and lengths could be measured by a non-technical group cf persons,
The purpose of the experiment was to find the magnitude of error in the
measurement of the independent variables used in the regression analysis.
One of the assumptions of linear regression analysis is that the inde-
pendent variables are measured without error.

Three male engineering students and three female social science students
participated in the experiment. Each subject was asked to trace the
area in Figure 3.6 ten times with the polar planimeter and the periphery
of the same figure with the map measurer five times. Figure 3.6 is a

test area of 4.00 square inches and a periphery of 18.0 inches. The



52

Figure 3.6: Test figure for determining accuracv of a polar planimeter
and a map measurer

, start & finish

Y

scale: 1" = 1"

Area = 4.00 sguare inches

Peripheral distance = 18.0 inches



results of three trials by each subject appear in Table 3.1.

The results of the experiments show that these techniques are capab
of measuring areas to within 1% of their true values and lengths to with
2% of their true values. These errors are therefore neglected and it is
assumed that the values obtained by measurement are the true values of

the independent wvariables.

3.3.1. Results: Polar planimeter used to measure a nominal area of

4.00 sq. in.
Mean of the cohservations 4.0432 sq. inches
Standard deviation of the observations 0.0196 sg. inches
Maximum 4.0790 sq. inches
Minimum 3.990 sq. inches
Range of observations 0.0820 sq. inches

Limits on accuracy at 95% confidence interval (=t 2¢) = 0.0392 sq.

0.0392 s
4.0000

The results of statistical analysis of variance revealed no sig-

Accuracy of the measurement of areas 100 = 0.975%

nificant differences between groups, individuals within a group, or of

observations for an individual. See Table 3.1.

Results: Map measurer used to measure a nominal length of 18 inches.

Mean of the observations 17.863 inches
Standard deviation of the observations 0.1088 inches
Maxdimum 18.95
Minimum 17.00
Range of observations L.95

Limits of accuracy at 95% confidence interval (éj 20) = 0.2176

0.2176

m x 100 = 2.01%

Accuracy of length measurement

53
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Table 3.1 (a) Polar Planimeter-Results of experimental observations and ANOV

Group Results of Successive Trials

Polar Planimeter

Tech. Trained (m) Trial # 1 Trial # 2 Trial # 3

Subject # 1 40.21 40.37 40.43

Subject # 2 40.58 40,37 40,28

Subject # 3 40.43 40.73 40,54

Tech. Untrained (F)

Subject # 1 40.79 40.46 40.56

Subject # 2 40.40 40.45 40.38

Subject # 3 40.21 39.97 40.62

Mean of observations = 40.432 sq. in. Standard deviation of observations = 0.19¢

sq. in.

ANALYSIS OF VARIANCE

Source Corrected df Mean S F F value from
58 Calculated  Tables (df,O.US)

Between Groups 0.000555284 1 0.000555284 0.011 7.71

Within Groups 0.012979254 2 0.006489627 0.129 6.94

Within Persons 0.017814804 2 0.008907400 0.177 6.94

Between Gr x

Within Gr .241110201 z 0.120555103 2.402 6.94

Between Gr x

Within Persons .078882337 2 0.039441168 0.785 6.94

Within Gr x

Within Perons 0.007819984 4 0.024454966 0.487 6.39

Error 0.200756848 4 ¢.050189212

Total 0.649918795 17
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Table 3.1 (b) Map Measurer-Results of experimental observations and ANOV

Group Results of successive trials

Map Measurer

Tech. Trained (m) Trial {#1 Trial #2 Trial #3
Subject # 1 90.2 94.7 88.5
Subject # 2 85.0 85.4 86.6
Subject # 3 89.8 90.5 . 89.3

Tech. Untrained (f)

Subject # 1 88.7 89,2 88.9
Subject # 2 89.5 91.8 92.4
Subject # 3 89.6 88.5 89.1

Mean of observations = 89.317 in standard deviation of observations = 0.544 in.

ANALYSTS OF VARIANCE

Source Corrected df Mean s F F values from
ss Calculated Tables (df,ﬂ.OS)

Between groups 4, 500000000 1 4., 5000000000 2.526 7.71

Within groups 7.364725113 2 3.682362556 2.067 6.94

Within persons 3.134400368 2 1.567199707 N.879 6.94

Between Gr X

Within Gr 50.040527344 2 25.020263672 14.045 6.94

Between Gr x

Within Per 2.903440475 2 1.451720238 N.8149 6.94

Within Gr x

Within Per 13.995481491 4 3.498869896 1.964 6.30

Error 7.125673294 4 1.781417847

Total 89.064270020 17




The results of the statistical analysis of variance revealed that
the Interaction (group x persons) was significant. Hence, care must
be taken while training the non-technical group in the use of the map

measurer.

3.4. Development of the medel

A standard stepwise multiple regression program, "STEPWISE" was
selected as a basis for the development of the model required to estimate
the stitch count (2). This program utilizes the stepwise (step-up)
technique to select variables to formulate a model.

At the outset only the various continuocus (stitch) variables were

used to build a linear model. The following model was tested:

SC

bO + blAB + bZAF + b3LC + béLS + bSLL + e

where:
SC = the stitch count of the emblem
AB = the area of the background stitches

AF the area of the fill-in stitches

LC = the length of the cover stitches
LS = the length of the spring stitches
LL = the length of the linear stitches
e = is the error term.
bi = coefficients to be determined by MLR.

The original data for the 62 emblems are listed in Table 3.2.

Columns 7 through 11 are the continuous variables used in this regression.

The results of the "STEPWISE'" (IBM supplied) appear in Table 3.3. The



Table 3.2 Data for 62 Emblems.
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Dummy Continuous Dependent
[ Variables Variables Variables
w 3 8 8 838 % % 5 4 3 4
w
01 0 0 0 0 1 4140 1355 5100 2600 27400 3790
02 1 0 0 0 1 1270 1600 0700 33200 23000 2455
03 1 (1] 0 1 0 2635 2120 5500 24450 34000 3215
04 0 1 1 0 0 0000 1730 0550 32300 13600 1815
05 0 1 1 0 0 0600 2445 0l00 22100 26600 2600
06 0 1 0 0 0 0000 0771 8000 02250 08800 0305
07 1 0 1 0 0 1720 1755 0000 18100 30550 2017
08 0 0 1 (1] 0 2500 1410 8750 60200 19000 2025
09 (i} 0 0 0 0 1560 1780 9100 08150 24750 2384
10 0 1 0 0 0 0000 1685 3300 81750 13500 1475
11 0 1 0 1 0 0000 2845 0130 19600 23750 1830
12 1] 1 0 a 0 0000 0763 7250 07100 09300 0655
13 0 1 0 0 0 0000 0584 9050 07200 15000 0907
14 D 0 0 0 1 0520 1210 6700 24600 32500 1825
15 0 0 Q 0 0 1716 0947 5300 00000 14100 1750
16 0 0 1 a 0 1048 1347 2050 13150 51400 2152
17 0 0 1 0 ¢ 0460 0520 0700 13200 18750 2080
18 1 1 0 0 0 0000 1740 8825 20625 11850 1751
19 0 1 Q 0 0 0000 1005 3300 10300 10500 1180
20 0 0 1 (4] 0 1610 0800 4500 15000 21200 1763
21 0 0 0 1 0 0724 2380 4000 22100 45750 2425
22 ) 0 0 0 1 1516 1807 2170 30200 26500 3030
23 0 1 0 0 0 Q000 1299 0700 08100 09300 1166
24 1 1 0 Q 0 o0oao 1393 1550 27600 30000 1025
25 0 1 1 0 a 0000 1345 4000 09750 10150 0480
26 1 1 1 0 0 00090 2434 3150 23250 23000 2398
27 0 1 1 .0 0 Qoo 1948 2150 25600 17350 1680
28 1 0 0 a 1 10440 0586 7050 34100 15750 6620
29 0 1 0 0 a 0000 0675 1650 22000 12200 1075
30 1] 1 1 0 0 Qo090 1805 8100 Q7700 14200 1765
31 1 1 1 0 0 Q000 1541 17006 29000 27500 2121
32 0 1 0 0 0 0000 1201 1700 09750 14800 1116
33 0 1 0 0 0 0000 2531 1200 27100 10800 1450
34 1 0 0 1 0 0685 1020 3250 39000 34800 1555
35 1 0 1 0 0 2790 0845 9000 19700 56700 3190
36 0 0 0 0 0 2145 1091 0850 00000 20850 2211
37 1 1 1 0 0 0000 1754 2300 21100 31600 1571
38 0 1 1 0 0 0000 1852 2500 12350 11250 1697
39 0 0 4] 1 0 Q735 1379 9500 35800 29600 1853
40 0 1 1 0 0 0000 1337 1420 22250 15500 1518
41 1 0 1 0 0 1825 1786 69500 31000 28750 2715
42 0 0 0 1 0 3380 1120 5600 15100 36270 2722
43 1 1 0 0 0 0000 1028 3380 29150 13500 1280
44 1 a 0 1 0 4900 0601 6600 19500 28700 3682
45 0 1 0 0 0 0000 1552 3200 10000 17100 1155
46 o 1 1 0 v} Q000 1265 8150 23050 25850 1715
47 1 1 0 0 0 Q000 2292 2400 18350 11050 2182
48 1 1 0 0 0 0000 1736 8100 18900 16000 1985
49 1 1 0 0 0 0000 0968 7100 24500 12500 0730
56 0 0 1 0 0 1010 1982 8150 28200 21200 2098
51 0 0 1 0 0 1270 0679 0350 11000 18800 1393
52 0 1 0 0 0 0000 1142 0600 21400 09100 0827
53 0 1 i) 0 0 Qo000 1515 1900 40250 15000 1275
54 0 1 1] 0 0 D000 0930 4250 12800 09700 0543
55 1 1 1 ¢ 0 0000 © 2000 1800 24400 27550 1610
56 1 0 1 0 0 2898 1330 2000 16500 25700 3133
S7 o] 1 1 0 0 0000 1815 7600 24450 17600 2105
58 0 0 0 o 0 1622 0270 9600 27650 11950 1275
59 0 0 1 0 0 0694 1376 5600 20700 20380 1626
60 0 1 0 1 0 0000 2797 4820 09600 19600 1880
61 (4] ¢ 0 1 0 1032 0761 0900 16900 27600 1503
62 0 1 1 0 0 0000 2211 3700 06700 22400 1490



Table 3.3 Results for Model 1.

Number of observations =

FIN = 4.00

62

FOUT = 3.00

Mean of the response

Continuous variables

= 1899.09 Std deviation of the response = 973,40

58

Step ff Regression Std error of Multiple df Goodness [3
Equation estimate for reg corr coeff of fit comparison
equation R x 100 F from Tables
]
1 bo + b1 AB 503.53 85.78 (1,6N) 167.20 4,00
2 b0 + bl AB
+ bz AF 333.35 94.13 (2,59) 229.69 3.15
3 bo + bl AR
+ b2 AF
+ b3 ic 296,66 95.46 (3,58) 198.85 2,77
4 b0 + bl AB
+ b2 AF
+ b3 LC
+ b4 LS 287.24 95,83 (4,57) 160,29 2,53
5 b0 + bl AB
+ bz AF
+
b3 LC
+ b4 LS
+ b5 LL 279.73 96.12 (5,56) 136.03 2,37

Estimating equation:

= 66.45 + 468.57 (AR) + 317.41 (AF) + 38.82 (LC) + 6.00 (LS) + 8.34 (LL)

% Variation explained = R2 = (96.12)2 = 92%

Standard error
Mgan response

x 100

= 1899.09

279.73

x 100 = 14.,7%
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results gave a standard error to mean response ratio of 14.7% with 92%
of the variation explained by the assumed model. An entering F level
of 5 per cent has been used throughout the analysis to screen out the
weak contributors to the regression equation.

Next, the inclusion of the interactions and powers of the continuous
variables was considered in an effort to improve the quality of the
forecast. The variables and transformations used are listed in Table 3.4,

Variables X, through X,  are all first order interactions of the continu-

7 16
ous variables. This was done with a view of not omitting any possible

interaction which may contribute to the stitch count. X._ through X

17 21

are the second order interaction terms for the five types of stitches.
The 3/2 powers for the areas AB, AF were also included. Since areas were
being regressed with lengths, higher order terms were thought of as being
possible candidates for selection.

The data for the 62 emblems is the same as listed in Table 3.1. The
results are shown in Table 3.5. Here the ratio of standard error to
mean response is 15.22% with 92% of the variation about the mean explained.
Also two interactions, (AF x LC) and (LS x LL), entered the regression
equation, with no improvement in the forecast as compared to the linear
model.

Examination of the mean and standard deviation of the stitch count
for the sample revealed that the standard deviation (971.79) was 0.51
of the mean response (1899.09). This indicated that there was a great
deal of variation in the raw data. Upon further investigation it was

found that the ratio of standard deviation to mean response for emblems



Table 3.4 Variables for Model 2. Continuous indenendent variables and

interactions
Variable Variable Descrintion
no. Origrinal inderendent variable
Xy AB Area of the background stitch
Xy AF Area of the fill-in stitch
x3 LC Length of the cover stitches
X, LS Length of the spring stitches
X LL Length of the linear stitches
Nenendent varlable
Stitch count - total number of stitches in an emblem
Transformations used
Xq AB. AF Area of the backeround stitch X area of the fi11l-
in stitch
g AB. LC Area of the backeround stitch X length of the cover
stitches
x AB. LS Area of the background stitch X length of the
9
snring stitches
x AB. LL Area of the backpground stitch X length of the
10
linear stitches
x AF. LC Area of the fill-in stitch X length of the cover
11 .
stitches
x AF. LS Area of the fill-in stiteh X length of the spring
12
stitches
X3 AF. LL Area of the fill-in stitch X length of the linear
stitches
b4 LC. LS Leneth of the cover stitches X length of the spring
14
stitches
X5 LC. LL Lenpgth of the cover stitches X length of the linear
stitches
X6 LS. LL Length of the spring stitches ¥ length of the linear
2 stitches 5
X7 (AB) {(Area of the background stitches)
2
X8 (AF)2 (Area of the fill-in stiteh)
X1q (LC)2 (Length of the cover stitc‘nes)2
X0 (LS)2 {Length of the spring stitches)2
X9y (LL}2 (Length of the linear stitches)2
Xy, (AB):”2 (Area of the backeround stitchcs)3,2
X (AF)3/2 (Area of the £ill-in stitches)3/2
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Table 3.5 Results for Model 2, Coentinuous independent variables and
interactions

Number of reservations = 62

Fin = 4,00 FOUT = 3.00

Mean of the response = 1899.99 std. deviation of the response = 971.79

Step # Regression Std. error Multiple Goodness F value
equation of estimate corr coeff df of fit from
for reg eqn (R x 100) F Tahles
1 bo + bl - AB 503.53 85.78 (1,60) 167.20 4.00
2 ho + bl « AB
+ b, (AF - LC) 514.25 94,80 (2,59) 262.16 3.15
3 by + bl AB
+ b2 (AF - LC)
+ b3 (LS * LL) 289.28 95.69 (3,58) 210,12 2.77

Estimating eqn:

SC = 703.55 + 495.31 (AB) + 21.59 (AF . LC) 10.40 (LS - LL)
7 of variation explained = Rz = (95.69)2 = 01,2%

Std Error of Estimate 289.28 -
Mean Response % 100 1899.00 * 100 = 15.22%
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with a background area stitch was 0.43 and for emblems without background
area stitches was 0.39. This indicated that a breakdown of the emblems into
two levels, representing the presence or absence of background area might
lead to better results. Also at the same time the inclusion of dummy
variables for size and color was considered. The data for the 62 emblems
with five dummy variables, S12/4, NBG, Cl, Cz, 03 and the five continuous
variables is listed in Table 3.2. Table 3.6 lists the variables used in
the program. All interactions have been dropped, except the following:
Length of the cover stitches x Area of the fill-in stitch (LC X AF)
Length of the spring stitches x Length of the linear stitches (LS X LL)
Length of the cover stitches / Area of the fill-in stitches (LC / AF)
The product terms were retained as they were known to have influenced
the estimated stitch count in the previous regression equation (See Table
3.5)., As most of the unknown designer effects are introduced in fill-in
areas, it was felt that a quotient interaction, LC/AF, would be a possible
candidate for selection by the stepwise regression program. Table 3.7
shows the results of the program. Here 92.2% of the variation has been
explained by the assumed model. Also the ratio of standard error of
estimate to mean response has improved froml15.22 to 14.6%, The linear
model still remains the best fit to the given data, as the improvement
is not worth the added complexity.
It was now established that background area did influence the stitch
count, since this was the first variable to enter the regression equation.

There is an appreciable number of stitches per square inch of background

area. This indicated the possible building of two models for the two



Table 3.6 Variables for Model 3. Continuous variables, significant
interactions and dummy variables

Variables used in the development of the estimating equation

Variable # Variable Descrintion
Independent variables
Dummv independent variables

Xy S 12/4 Size of the emblem. S 12/4 = for 2" S 12/4 = 1 for 3"
X, NBG Background area - No background area NBG = 0 - emblems

with BG

NGB = 1 - emblems

without BG
Xq C1 2 colors (Cl C2 C3] =1 0 0 for 2 colors
Xy C2 3 colors =0 1 0 for 3 colors
Xg C3 4 or more colors =0 0 1 for 4 or more colors

=0 0 0 for 1 color
Continuous independent variables
Xe AB Area of the background stitch
Xq AF Area of the fill-in stitch
Xg LC Length of the cover stitches
Xg LS Length of the spring stitches
x LL lL.ength of the linear stitches
10 -
Dependent variable
X1 SC Stitch count - Numher of stitches in an emblem
Transformations used

x12 LC-AF Length of the cover stitches x area of the fill-in stitches
X)z LC/AF Length of the cover stitches/areca of the fill-in stitches
X4 LS.LL Length of the spring stitches x length of the linear

stitches

6l
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Table 3.7 Results for Model 3. Continuous variables, sipnificant inter-
actions and dummy variables

Fin = 4,00 FOUT = 3.00

Mean of the response = 1899.09 Standard deviation of the response = 971,79

Step # Regression Std error of Multiple Goodness F
equation estimate for correlation df of fit Comparison
regression eqn coeff. (R x 100) F from Tahles
1 bO + AB b1 503.53 85.78 (1,60) 167.20 4.00
2 ho + AB bl
+ (AF - LC)b2 314.25 94,80 {2,5%) 262.17 3.15
3 b0 + AB - hl
+ (AF * LC)b,
+ (LS - LL)b3 287.78 95.74 (3,58) 212.52 2.17
4 b0 + AB bl
+ (AF ° LC)b2
+ (LS * LL) b3
+¢c¢,*Db 277.24 96.12 (4,57) 173.12 2.53

2 4

Estimating Eauation:

§C = 682,95 + 501.17 (AB) +-22.05 (AF -« LC) - 252,10 (CZ)'

Percent Variation Exnlained = R2 = (96.12)2 = 92 2%

Standard Frror of Estimate 277.24
T LT o0 = 14,
Mean Response x 100 1899,79 * 1 4803




categories of emblems: those with background area and those without
background area. Of the 62 emblems that constituted the sample, 27 had
background areas. Both dummy and continuous variables were used in the
regression analysis for these two catagories of emblems. Emblems having
no background area had no more than 3 colors and consequently, the

dummy variable representing 4 or more colors, C3, was dropped. For
emblems with background area the variables used and the results of the
program are shown in Tables 3.8 and 3.9. TFor emblems without background
areas, the variables used and the results of the analysis are shown in
Tables 3.10 and 3.11.

The ratio of standard error to mean response for emblems with back-
ground area was 13.287 with 91.2% of the variation explained and 13.9%
for the emblems without béckground area with 88.2% of the variation
explained. The standard error to mean response ratio for the linear
model was 14.6%. This represents an improvement of less than 1%. Since
the object of this analysis is a quick but reasonably good estimate, the
linear model is favored over the two individual models.

Hence, the estimating equation for the stitch count of an emblem is:

SC = 66.45 + 468.57 (AB) + 317.41 (AF) + 38.82 (LC) + 6.00 (LS)
+ 8.34 (LL) (3.2)
where:
SC = estimated stitch count of the emblem
AR = area of the background stitches, in square inches
AF = area of the fill-in stitches, in square inches
LC = length of the cover stitches, in inches
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Table 3.8 Variables for Model 4-backpround area only

Variable # Variable NDescrintion
Independent variables
Dummy indevendent variables

Xy S 12/4 Size of the emblem § 1214 = 0 for 2" = § 1214 = 1 for 3"

%, Cl 2 colors (C1 C2 03) =1 0 0N for 2 colors

x3 C2 3 colors =0 1 N for 3 colors

X, C3 4 or more colors =0 0 1 for & or more colors

=0 0 0 for 1 color
Continuous independent variables

Xg AB Area of the background stitch

Xe AF Area of the fill-in stitch

x7 LC Length of the cover stitches

Xg LS Length of the spring stitches

Xg LL Length of the linear stitches
Dependent variable

X9 sC Stitch count - Number of stitches in the emblem
Transformations used

X1, LC.AF Length of the cover stitches X Area of the fill-in stitches

LIP: LC/AF Length of the cover stitches / Area of the [ill in stitches

X4 LS-LL Length of the spring stitches X Length of the linear stitches



Table 3.9 Results for Model 4.

Number of observations = 27
Fin = 4.2 rour = 3.0

Mean of the response = 2495.81

Background area only

Standard deviation of the response = 1076.5706

67

Step # Regression Standard error of Multiple Goodness of F
equation estimate for re- correlation df fit Comparison
gression eqn, coeff (R x 100) F from Tables
1 bo + AB -b1 436.59 91.74 (1,25) 133.01 4,24
2 bo + AR -bl
+ AF - b2 331.64 95.52 (2,24) 124.98 3.40

Estimating Equation

§C = h68.77 + 535.13 (AB) + 558.53 (AF)

Percent Variation Explained = (95.522)2 = R2 = 91,2%
Standard error of estimate o 331.64 =
Mean response 100 249581 * 100 = 13.282
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Table 3.10 Variables for Model 5 - No background area

Variable # Variable Description
Independent variables
Dummy independent variables
X S 12/4 Size of the emblem S 12/4 = 0 for 2" S 12/4 = | for 3"
X, C1 2 colors. (C1 Cz) =1 0 for 2 colors
Xz C2 3 colors =0 1 for 3 colors
=0 0 for 1 color
Continuwous independent variahb’'e
X, AF Area of the fill-in stitch
Xg LC Length of the cover stitches
Xg LS Length of the spring stitches
X LL Length of the linear stitches
Dependent variable
Xg sc Stitch count - Number of stitches in the cmhlem
TransCormations Used
Xq LC-AF Length of cover stitcher X Area of the fill-in stitches
X0 LC/AF Length of the cover stitches / Area of the fill-in stitches
b LS-LL Length of the spring stitches X Length of the linear stitches

11
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Table 3.11 Results for Model 5 - No background area

Number of observations = 35
Fin = 4.1 FOUT = 3.0

Mean of the response = 1438.77 Standard deviation of the response = 554.19

Step # Regression Standard error Multiple Goodness F
equation of estimate for corr coef- df of fit Comparison
regression equation ficlent F from Tables
(R x 100)
1 bo + LCb1 262.14 88.47 (1,33) 118.96 4.14
2 b0 + LC - bl
+ (LS - LL)b2 227.53 91.72 (2,32) 84.84 3.30

3 bo * LCb1

+ (LS - LL)h2

+ (AF)b3 213.29 93.00 (3,31) 66.18 2,91

4 bO + LC bl

+ (LS - LL) b2

+ (AF) b3

+ (LC - AF)bA 201.07 94.07 (4,30) 57.07 2.69

Estimating Equation

SC = -437.87 + 5A8.59 (LC} + 99.46 (LS » LL) - 23.60 (AF)
+ 0.3579 (LC - AF)

Percent Variation Explained = R2 = (94.07?;)2 = §8.2%

Standard error of estimate 201.07
= —— ) = .917
Mean response = L0 1438.77 * 10 13.91%
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LS

It

length of the spring stitches, in inches

LL

length of the linear stitches, in inches.

The results of the analysis for estimating the stitch count arve
summarized in Table 3.12.

In reviewing the regression work certain observations can be made.
Variation in the techniques that designers and punchers use is an im-
portant factor and this breakdown would be desirable to account for
the designer effect.

The interactions (AF X LC) and (LS X LL) have entered into some of
the equations. The nature of the (AF X LC) interaction is not completely
understood. An increase in the fill-in area (AF) does not in itself
insure an increase or decrease in the length of the cover stitches (LC).
An increase of the fill-in area may or may not increase the length of
the cover stitches depending on how the area is disposed. The width
of the embroidery stitch may vary from 0.166 mm to 16.67 mm and hence
the uncertain relationship between the fill-in area and cover stitches.

The (LS X LL) interaction could be explained by the fact that the
more the linear stitches there are, the closer the needle is to the
point of stitching on the body and hence, the fewer the number of spring
stitches required to get to the point. Practice, however, shows that
the spring stitches are tied down to one judiciously chosen point for
ease of picking. (Picking is the removal of the long threads deposited
by spring stitching).

The linear model appears to have provided the best fit to the data.

Although this could have been hypothesized at the outset the subsequent
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work with the other models helps substantiates the validity of the linear
model. Although the problem needs more probing in the area of the re-
lation between cover stitches and fill-in stitches, the procedure and

model developed are suitable for estimation purposes.
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CHAPTER 4
RESULTS AND CONCLUSIONS

The purpose of this chapter is to formulate an equation for esti-
mating the normal stitching time for a batch of emblems. In Chapter
two the normal operation times for the embroidery process were developed
and a method for estimating the machine running time was outlined based
on the stitch count of the emblem. Chapter three was devoted to the
estimation of the stitch count using a sketch of the emblem. The
present chapter uses these times to estimate the normal stitching time
for a batch of emblems deriving the necessary information from the
emblem sketch.

The method used to formulate the normal time equation involves
the blocking of the flowchart (Figure Al) into segments or groups
which are common in certain categories of emblems. Operations that
are constant in nature, that is, occur in the stitching process of all
emblems are grouped together. Operations that vary with the order
quantity and characteristics of the emblem are grouped separately.
Stitching operations which are used to estimate the machine running
time form another group. The logical relationship between these groups
forms the basis of an estimating equation for the normal stitching time

for a batch of emblems.

4.1. Development of a normal time formula

When bidding on prospective jobs, a bidder has the company logo-

type and the desired order quantity available to him. After receiving
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an artist's sketch of the logotype the bidder estimates:
1) the stitch count of the emblem,
2) the number of rows of the emblem desired to fill the order,
3) the normal time to stitch this batch which determines the

cost to the bidder.

4,1.,1 Estimation of the stitch count

In order to estimate the stitch count the size of the emblem is
first determined as described in Section 3.1. Then the following in-
dependent variables are measured from the emblem in order to estimate
the stitch count:

1) Area of the background stitch,

2} Area of the fill-in stitch,

3) Length of the cover stitching,

4) Length of the spring stitching,

5) Length of the linear stitching.

Generally, the sketch does not indicate all of the required guide,
border and spring stitches. These must be added to the sketch hefore

the measurements can be completed.

4.1.1.(a) Insertion of guide stitches and determination of emblem height

If the emblem border is machine embroidered or the emblem is ir-
regular in shape, it is handcut in which case no border stitches are
required. If, however, the border is to be surged, border stitches
must be inserted on the entire periphery of the sketch. For multi-

colored emblems, guide stitches are required to reference these colors.
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Guide stitches appear in the form of a regular figure (square, triangle,
rectangle) at the top and bottom edge of the emblem as it stands on

the goods. The guide stitches do not necessarily take the form of a
regular figure, but this is the manner in which they are most frequently
encountered. The only restriction on the placement of these guide
stitches is that they should lie within the 2" stitching width of one
needle in the 8/4 repeat or within the 3" stitching width of one needle
in the 12/4 repeat. To save space vertically on the stitching field the
guide stitches should be placed fairly close (about 1/8" to 3/16") to

the edge of the emblem. The machine frame is centered horizontally before
stitching commences and after stitching is completed. Each needle starts
stitching at the point X (See Figure 4.3) on one side of the emblem,
traces the guide stitch path, stitches the emblem segment to the stitched
in that color, traces the guide path on the other side of the emblem and
stops at the point X on the other side. These foints X should lie on a
vertical line so that the frame is automatically centered horizontally
after each row of emblems has been stitched in each color. All colors
must be made to trace the guide paths on both sides of the emblem. It

is now apparant that the height (h) that each row of emblems occupies

on the stitching field is the distance between the extreme guide stitches

measured vertically.

4.1.1. (b) Insertion of spring stitches

Some thought must be given to the path of the required spring
stitches before inserting lines representing these spring stitches on

the sketch. Spring stitches will normally be required to go to and come
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from any area to be stitched in the body of the emblem, for example
disjoint letters, Figure 2.3. If the area to be stitched extends to
the border of the emblem usually no spring stitches are required to
stitch this area. Spring stitches are anchored to a judiciously chosen
point such rhat:
1) the strings deposited by spring stitching are long enough to
be accessible to the picker,
2) a minimum number of strokes of the picking knife are required
to pick these strings from an emblem,
3) a minimum number of stitches are required to produce such prou-
duce such stitches.
In addition, the anchor point must lie either on the border or outside
the body of the emblem but within the 2" stitching width of a needle
in the 8/4 repeat or within the 3" stitching width of a needle in the

12/4 repeat,

4.1,2. Estimation of the machine running time

Now all the independent variables used in the regression equation
3.2 are measured using a polar planimeter and a map measurer as explained
in Section 3.3, If a picture is used in the data reduction process,
appropriate transformations are made on the measured values to gives the
actual values of the area and lengths on the emblem. The machine running
time for a row of emblems may now be estimated from Equation (2.4) as:

R

Nf/60 + NS/BO

fl

Nf/60 + 2NS/60

Substituting for NS from Equation (2.2)
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=]
|

= ((Nf + NS) + 2 LS)/60

(SC + 2 L8)/60 (4.1)
From Equation (3.2) the estimating equation for the stitch count of

an emblem is:

SC = 66.45 + 468.57(AB) + 317.41(AF) + 38.82(LC) + 6.00(LS) + 8.34(LL)

(4.2)

where:

AB = the area of the background stitch,

AF = the area of the fill-in stitch,

LC = the length of the cover stitch,

LS = the length of the spring stitch,

LL = the length of the linear stitch.
Hence the machine running time for a row of emblems, R, may be computed,

knowing the variables in the estimating equations.

4.2, Batch size considerations

The next step is to decide on the number of rows of emblems re-
quired to fill the order. It is assumed that one span consists of one
42 inch width of goods. Not all 42 inches are available for stitching.
Due to the physical disposition of the stitching elements, a 1 1/2
inch allowance is to be made on the top and bottom edges, leaving 39
inches for actual stitching. Thus 39 inches is the effective width
of the span. Also, for a 24 inch machine the effective stitching
height is 23 inches. This is to prevent the embroidery frame from
touching its supports, Since all 39 inches cannot be stitched oﬁ one
getting of a 24 inch machine, one rollover is necessary to stitch

the entire span.
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Let @ = the order quantity,
m_ = number of emblems per row,
340 for an 8/4 repeat,
) {230 for a 12/4 repeat,
n = the total number of stitching rows requiréd to complete
the order,
then,
n = smallest integer containing Q/mr (since it is disadvan-
tageous to stitch a fraction of a row).
Then, the number of stitching fields, f, required to stitch this
number of rows, n, is to be calculated. A stitching field is defined

as the height of goods embroidered on one setting of the fabric, that

is, the height embroidered between the spanning operation and rollover

operation, or between two rollover operations, or between the rollover

operation

and removal of finished goods from the machine. On a 24 inch

machine, using 42 inch width of goods in a span, one rollover is nec-

essary to
there are

let,

then,

n =
s

Also, let

stitch the entire 39 inches effective width of goods, hence

two stitching fields.

the number of rows per span of 39 inch effective width of
goods,
height that one row of emblems occupies on the stitching

field (as defined in Section 4.1.1.(a)), in inches,

largest integer contained in (39/h). (4.4)

n, = number of rows in the ith stitching field, then n,
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shall have two values for a 42 inch wide span, corresponding to the two
stitching fields: n corresponds to the number of rows of emblems on
the first stitching field (on the top 1/2 span) and n corresponds to
the number of rows of emblems on the second stitching field (on the
bottom 1/2 span). Then,

ns = nt + nb

Practice in the industry indicates that as much as possible of
the 23 inch machine stitching height is stitched on the first stitching

field, that is, on the top 1/2 span. Hence,

n largest integer contained in (23/h),

£ (4. 5)
and nb . .

Knowing n, the number of rows required to £ill the order and 0,

Il
=]
!
fon ]

the number of rows of emblems in the ith stitching field, the number
of stitching fields, f, required to complete the order can be cal-

culated. Assuming that every order starts with a fresh span,

L Afmy & A
{ (4.6)

f= Z(LIC(n/nS)) +

2 if nf—l = n, and nf‘i n

where,
LIC{M) is the largest integer contained in M,
N

Further, the fraction of each stitching field Xy that the order occupies

is the number of rows in the fth stitching field.

is determined by,

X, = 1 if n, =n_ormn.,
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(4.7)

{nf / n if the last field is a top field,
x =

ng / n, if the last field is a bottom field.

If the order does not start with a fresh span of goods necessary

changes must be made to the values of f and X

4,3 Macro flowchart

Figure 4.1 illustrates the flowchart for the embroidery process
required to stitch a batch of emblems. This flowchart is essentially
the same as Figure Al, where certain operations have been blocked into
groups. This flowchart is a general chart for more than one span of
goods whereas Figure Al is a flowchart for a single 42 inch span.

The blocks used in the macro-flowchart are:

1) k- Jacquard mounting (See Table C10)

2) L-Load spools onto machine Depending on the repeat and whether

the spools are leocaded on the top row or bottem row, there are
different types of loading operations. See Table C4 for the
8/4 repeat and Table C5 for the 12/4 repeat.

3) U-Unload spools from the machine Again depending on the repeat

and whether the spools are loaded on the top row or bottom row,
there are different types of unloading operations. See
Table C17 for the 8/4 repeat and Table Cl8 for the 12/4 repeat.

4) I-Initialization This block consists of the following oper-

ations

8/4 repeat 12/4 repeat

i) Threading operation 22,36 min. 14.52 min.

{See Table C6 for 8/4 repeat
and Table C7 for 12/4 repeat)

ii) Checking operation-1 1.90 min. 1.90 min.
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(iii) Shuttle servicing operation 2,57 min. 2,57 min,
(See Table C9)

(iv) Checking operation-2 0.40 min. 0.40 min.
(See Table Cl1)

(v) Initialization operation 3.46 min. 3.46 min.

(See Table C12) 30.69 min. 22.85 min.

Thus the time estimate for the I block for the 8/4 repeat is 30.69
min. and 22.85 min. for the 12/4 repeat.

5) G-Goods handling This block consists of the elements that

are part of every order:
i) Goods cutting operation (See Table Cl) 13.72 mirn.
ii) Goods spanning operation (See Table C2) 16.82 min.

iii) Stiffener spanning operation (See Table C3) 3.72 min.

iv}) Rollover operation (See Table C18) 11.95 miii.
v) Preparation-2 (See Table C19) 4.22
vi) Goods removal operation (See Table C20) 8.98 min.

59.41 min.

Hence the value of the G block is 59.41 minutes.

6) Preparation-1 (See Table Cl13) This is an operation prepar-

atory to the unloading of spools or the switching of spools.
7) S-Switching Depending on the repeat there are two different
types of switching operations. See Table Cl4 for the 8/4
repeat and Table C15 for the 12/4 repeat.
The values for each of these blocks for the 8/4 repeat and 12/4

repeat are tabulated in Table 4.1.



83

4.4, Normal time formula

‘The total normal time, T, in minutes required to stitch a batch

of emblems is thus:

3
L}

f
k + Z (-g— x, + n,R+ cI + c(n,~L)E) + V() (4.8
e 1 1 1

where:
k = time required to mount the jacquard,
= 1.84 minutes,

G/2 = the operational time required for the G block in minutes for
one stitching field,

n_ = number of rows of emblems on the ith stitching field,

x., = fraction of the vertical height of the ith stitching field
that the emblem order occupies, (0 < X < 1),

I = time required for the I block,

R = machine running time for stitching one row of emblems in
minutes (as determined from Equation 4.1),

E = a constant representing the resetting time between rows,
{(from an actual time study the value of E (mean of 7 aob-
servations) was found to be 2.38 minutes),

¢ = number of colors in the emblem,

f = number of stitching fields required to fill the order.

is a function of the number of colors ¢ and

i

V(c)
a) the Loading times L,

b) the Unloading times U,
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¢} the Preparation time P,
d) the Switching times S,

and V(c) 2{L+0) + (2£-1)(5+P) for c = 2,

2f (L+U+P) for ¢ # 2.

The values of the variables and constants required to evaluate the

time T, from Equation 4.8 are tabulated in Table 4.1.

4,5 Numerical Example:

To illustrate the computations of the normal stitching time,
Equation 4.8, let us consider the four color emblem depicted in
Figure 4.2 and develop the normal stitching time for one lot of emblems
to £fill an order of 3000 emblems.

The first step is to find the size of the emblem. The size of the
emblem (the longest dimension on its shorter side when inscribed in
a rectangle) is 2.6 inches. Since 2.6 inches is greater than 2" but
less than 3" the 12/4 repreat on the embroidery machine will be used.
The center to center distance between two adjacent emblems is thus ap-
proximately 3". Figure 4.3 shows how the emblem is stitched.

The next step is insert linear stitches (guides and border) and
spring stitches onto the sketch. Since the border of the emblem is
machine embroidered the emblem is handcut. Hence, no border stitches
are required. However, since the emblem has more than 1 color, guide
stitches are required to reference these colors. These appear at the
top and bottom of the emhlem as shown in Figure 4.2. Thus the height
each row of emblems occupies on the stitching field is 2.75" as shown

in Figure 4.2,



Table 4.1 Values of various constants (in minutes) used in Equation

4.8. for the 8/4 and 12/4 repeats.

Constant 8/4 12/4
L 5.71 3.61
u 4,67 . 3.65
3 4,54 2.86
P 3.37 + 3.37
G 59.41 59.41
E 2.38 : 2.38
L 30.69 22.85

k 1.84 1.84




Fig. 4.2 Drawing of the Emblem
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Spring stitches are required for the white segment as this is to
he stitched on the blue area. Red and blue colors are to be stitched
first (which preceeds the other is the choice of the designer) followed
by olive and finally the white color is stitched. Figure 4.3 shows in
succession how the emblem appears after each color has been stitched.
Since white is the fourth color, it is stitched from the bottom to
the teop on the stitching field. Spring stitches are anchored to the
point shown on Figure 4.2,

The third step is to measure all the independent variables in the

regression equation, as in Figure 4.2. These are listed below:

Areas and Actual areas

lengths on the and lengths

2X drawing
Area of the background stitch 10.19/4 2.55 sq. in.
Area of the fill in stitch 7.77/4 1.94 sq. in.
Length of the cover stitch 30.00/2 15.00 in.
Length of the spring stitch 14.50/2 7.25 in.
Length of the linear stitch 61.60/2 30.80 in.

The fourth step is to decide on the number of rows (n) of the emblem
required to fill the given order Q = 3000 emblems. Here m is 230, the
number of emblems per row in the 12/4 repeat.

Hence, from Equation 4.3,

I

n = the smallest integer containing (Q/mr), that is 3000/230,

14,
Hence, 14 rows of emblems or 3220 emblems have "7 be stitched to complete

the order.



Fig. 4.3 How the Emblem is Stitched
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Next, the number of stitching fields, f, required to stitch 14 rows

of emblems shall be decided. TFor this emblem h = 2.75,

]

and n the largest integer contained in 39/h or 39/2.75,

s

14,

indicating that f = 2 and the order can be completed on one span of

42 inch width goods. Next we shall decide on the number of rows of the
emblem that shall be stitched on the top half span (nt) and the number
of rows that shall be stitched on the bottom half span (nb): n, and oy
shall then correspond to the values of n, and n, in Equation 4.8. From

1 2
Equation (4.5},

n = largest integer contained in 23/h or 23/2.75
= 8,
and nb = 14-8
= 6,

Hence the values of n. for the first and second stitching fields are
8 and 6 respectively. Since all the available height of the span has
been stitched in these two fields, X, = 1 and Xy = 1.

From Equation 4.2 the stitch count for the emblem is estimated as:

SC = 66.45 + 468.57 (2.55) + 317.41 (1.94) + 38.82 (15.00)

+ 6.00 (7.25) + 8.34 (30.80)

(]

2755.95 = 2756 stitches.

and the machine running time, R, for one row of emblems from Equation 4.
ig:

(2756 + 2(7.25))/60

o]
]

li

46,2 minutes.
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Also, from Table 4.1, for the 12/4 repeat, and a four color emblem,

V{(c) ef (L+ U+ P)

It

4 x 2 (3.61 + 3.65 + 3.37)

85.04 minutes.

H

Substituting in Equation 4.8,

59.41(1)
2

T =1.84 + 85.04 + { + 22.85(4) + 8(46.2) + 4 x 6 (2.38)}

59.41(1)

+{2

+ 22.85(4) + 6(46.2) + 4 x 6 (2.38)}

1088.49 minutes

18.14 hours

Hence a normal stitching time of 18.14 hours is required to stitch
a batch of 3220 emblems. This formula (Equation 4.8) may be put into
the form of readily usable multi-entry tables if so desired. Since
the object of this research is to enable the inexperienced estimator to
make an estimate of stitching times, the equation developed serves its

purpose.

4.6 Use of Normal Time

In the body of this research normal stitching times have been
developed which form the input to a standard cost accounting system.
The normal times developed may be modified,using rating and allowance
factors, to obtain standard times. These factors are subjective in
nature and vary among installations. It is left to the individual
installation to work these normal times into the framework of their

cost accounting system.
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APPENDIX A

Flowchart for the Emblem Embroidery

Process for one Span of Goods
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Figure Al. Flowchart for the Imblom Embroldery Process for one Span of Goods

v Storage in receiving docks

Gooda and backing to emblem department-hand truck

Gooda cutting operation

Goods spanning operation
top and bottom banks (16.82)
Stiffener spanning operation

Spanning of backing: top and bottom banks. Glued
side facing waxed side (3.72)

Two pleces of goods and backing ent into 10 1/2 vards
lengths, waxed and folded; taken to machine stand (13.72)

Spanning of poods onto the machine at required tension;

Qperation

Loading operacion

Unloading operation

Threading operation

Switching operation

Stitching opcratiii/)

Threading oreration
Thread top=-340 spools: twist and null
threads through needle eyes (22.36)

Checking oreration-1
All srools threaded (340),
machine locked (1.90)

Shuttle service operation
Replace empty shuttles in machine
(2.57)

N
(2)

Jacquard mountine nparation
Select jacaouard oa rack and mount
1t on automat (1.B4)

Che:ki np operation=2
b AMachine locked, frame locked and in
position: autostop back, switch on (N.4N)

Initialization operation
o Stitch 20-3N stitcheas and pull lead ends
of threads: check shuttles (3.46)
Stitehing operacion
Stiteh first color: N rowa. After each row

[
turn desipgn card back and check shuttles (2.38)

Loading operation
230 snoole,
(3.61)

Threadine oneration

Thread top-23N spools: twist and oull
threads through needle eves (1452)
Checkina oneration-1

A1l snools threaded (230)

machine locked (1.90)

Shuttle service operation
>l Renlace empty shuttles in machine
(2.57)

Jacquard mounting operation
Select facquard on rack and mount
it on automat (1.84)

P~ Checking oneration-2
Machine locked, frame locked and in
position: autostop back, switch on (N.4N)

Initialization oneratinn
1L ) seiech 20-30 aritcher and null lead ends
of threads: check shuttles (3,4A)}

Stigching oreration

Stiteh first color! N rows, After each row
“ turn dsslgn card back nnd check shuttles
{2.138)
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Preparation=-1
Cut and disnose threads in
preparation for color change (3.37)

Unloading cperation
Unload ton: 340 anools,
(4.67)

l.onading operation
LL) Lond top: 340 spcols,
(5.71)

Threading operation
%/ Thread top=340 snools: twist and null
threads through needle eves (22.36)

Checking operation-l
8| an1 spoola threadsd (34N)
machine locked (1.90)

Shuttle service oneration
9 Replace empty shuttles in machine
(2.57})
Checking operation~2
H ) Machine locked, frame locked and in
position: autostop back, switch on (N.4N)

Initialization oreration
12 ) Stitch 20-30 stitches and pull lead
ends of threads: check shuttles (3.46)

Stitehing operation

137 Stiteh 2ad color: N rows, After each row
turn dgsign ecard back and check shuttles
(2.38)

eL Preparation-1

Cut and dispose threads
in prearation of color change (3.37)

Unloading operation

Unload top: 340N spools
(4.47)

13

Jgs Mort cOLORS?

No

?

tnf?‘\\\\\7
SrirenInNg Na

Juip o branl

Yis
Preparation-2
% cut and dispose threads in preparation
GCoods removal oneration

Take emhroidered span off the machine
and transport to cuttipg table (B.98}

Unloading operation
Unload top: 340 epools
(4.67)

for removal of goods from the machine (4.22)
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Preparation-1
Cut and dispore threads in
preparation for color change (3.37)

Unloading oneration
Unload top: 230 apools
(3.65)

Loading omeration
Load tomn: 230 spools
(3.61)

Threading oneration
Thread top-21N anools: twist and null
threads through needle eves (14.52)

Checking operation-1
All spoecls threaded (230)
machine locked (1.90)

Shuttle service operation
Replace empty shuttlea in machine
{2.57)

Checking operation-2
Machine locked, frame locked and in
positiont autestop back, switch en (n,40)

Initialization oneration
Stitch 201-30 stitches and null lead
ends of threads: check shuttles (3.46)

Stitching oneration

Stitch Zmd color: N rows. After eaech
row turn design ~atd back and check
shuttles (2.38)*

Preparation-1

Cut and dispose threads

in preparation of color change’ (3.37)

tnloading operation
Unload top: 230 spools
(3.65)

Rollover operation
fipllover: another height ready to be
worked on (11.95)
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12/

Loading operation
Load top: 230 spools
{3.561)

Loading operation
Load top: 340 spoeols
(5.71)

Loading operacion
Load bhottom: 230 spoola
(3.61)

Loading operation

Load bottom: 340 spools
(5.71)

v Threading opevation

) Thread top-230 spools: twist and pull
threads through needle eves (14.52)
Checking operation-1

All spools threaded (230)

machine locked (1.90)

Threading operation
Thread top-34N spools: kwist and pull
threads through needle eves (22.36)

Checking operation-l
All spools threaded (340}
machine locked (1,90)

Py Shuttle service operation
Replace empty shuttles in machine
(2.57)

Shuttle service operation
Replace empty shuttles in machine
(2.5

Jacquard mounting operation
Select jacquard on rack and mount
it on automat (1.B4)

Jacquard mounting operation
Select jacquard on rack and mount
it on automat (1.84)

Checking operation-2
Machine locked, frame locked and in
position: autostop back, switech on (N.4R)

Cheeking operarion-2
Machine locked, frame locked and inm
position: autostop back, switch on (0.40)

Initialization oneration
Shiteh 20-30 stitches and null Jead
ends of threads: check shuttles (3.46)

Initialization operation
Stitch 20-30 stitches and pull lead
ends of threads: check shuttles (3.4%)

Stitching operation
/,Stitch first color: N rova. After sach color
" turn design card back and check shuttles (2.38)

o» Stitching operstion

27 Stitch first color: N rows. After each
” color turn desien card back and check
shutrles (2.38)*

Preparation-1

Cut and dispose threads in preparation
for color change (3.37)

Preparation-1
Cut and dispose threads in preparation
for color change (3.37)

Switching operation
Switch top row (230) spools with
bottom row spools (2.86)

Switching operation
Switeh top row (340) spocls with
bottom row spocls (&.54)

Threading operation
) Thread top-230 spools: twist and bvull
threads throupgh needle eves (14.52)

Threading operation

\ g/ Thread top-340 spools: twist and pull
) threads through needle eyea (22.36)
Checking operation-1

All spools threaded (34N)

machine locked (1.90)

Checking operation-l
All spools threaded (230}
machine locked (1.90)

Shuttle servicing operation
Replace empty shuttles in machine
(2.57)

Shuttle servicing operation
Replace empty shuttles in machine
{2.57)

Checking operation-2 Checking operation-2

Machine locked, frame locked and in Machine locked, frame locked and in

position: autostop back, switch on (N.4N) positiont autoston hack, switch on (0.40)
Initialization operation Initialization operation
Stitch 20-30 sritches and pull lead ends JiL JSedeeh 20=30 atitches and pull lead ends
of threads (3.46) of threads (3,46)

Stitching operation

Stitch second color: N rows. After each
color turn deuiﬁn card hack and check
shuttles (2,38)

Stitching operation
Stitch second color: N rows. After each color
turn desipgn card back and chec™ a*ntrie= (2.7R)




Switching oneration
i Switch top row (340) spools
with bottom row spools (3.37)

Preparation~-2
Cut and dispcose threads in prearation
for removal of goods from the machine (4.22)

Goods removal operation 2
Take embroidered span off the machine
and transport to cutting table (8.%83)

Unloading oneration
Unload ton: 230 spools

Unloading operation
Unload top: 340 spools

(4.67) (3.65)

Unloading cperation Unloading operation
Unload bottom: 340 spools Unload bottom: 23N spools
(4.67) (3.65)
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Rollover operation
Rollover: another height readv to he
worked an (11.95)

Switehing oneratton
Switch top row (23N) snools
with bottom row spools (2.RK)

.&ﬁ‘



APPENDIX B

Application Data for Methods - Time - Measurement
and

Universal - Standard - Data

compiled from H. B. Maynard,

INDUSTRIAL ENGINEERING Handbook, 2nd edition, 1963
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SELECTED FINGER, HAND AND ARM
"METHODS-TIME MEASUREMENT" (MTM)

TABULAR DATA & MOTION DESCRIPTIONS

Notes:

1. Tabular time data are given in T™U (1 TMU = 0.00001 hour). No
allowances {PF & D} are included; hence, the data are "select"
Times.

2. Conversion Factors:

Multiply by to get
MU 1077 hours
™U 6 x 207" minutes
MU 3.6 x W seconds

Hours 105 ™U

Minutes 1.66T x 103 TMU

Seconds 27.77 ™U

3. Combined motions are those which occur when tvo or more motlons are

performed by the same body member at the same time,

L. Simultaneous motions are those which are performed by two or more

body members at the same time.

5. Principle of Limiting (or Dominant) Motion: When combined or

simultaneous motions occur, the motion requiring the longeet time is the

dominent or limiting motion, end its T™U is the value Yo be used for the

complex motion.
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SELECTED MTM BASIC MOTIONS

Basic Motion Class
E—— iy p—
1. REACH (R) A. Symbol R(x) A = Reach to single

(Transport hand EMPTY to a

destination, x inches distant)

D,

object in fixed location; to single
object in other hand; or to single
object on which other hand rests.
Symbol R{x) B = Reach to single
object whose general location is
known; requires eye travel to coor-
dinate moving hand.

Symbol R{x) C = Reach to an object

Jumbled with others; involves 'se-

lect" during hand motion. This is

the mest difficult Reach to perform.
Symbol R(x) D = Reach to a single
object, to be followed by an accurate
grasp of the objlect. Reguires sight
and concentration.

Symbol R(x) E = Reach to an indefinite
location to preserve body balance,

to get ready rof next motion, or to

get hand out of the way.

Notes: a. If hand is initially in motion, the symbel s mR(x] A or mR(x) B.

Read the appropriate "hand in motion” column in the REACH table.

b. If hand is still in motlon at the end of the Reach, the symbol



is R(x) &m, or R(x) Bm. (Class C, D and E Reaches cannot be

made with the hand in motion at the end of the reach.) For Am
end Bm Reaches, read the appropriate "hand in motion" column.

¢. Distance [x) is measured or estimated along the actual motion

100

path.
Table Bl MIM applieation data~Reach R
(Tables courtesy MTM Association)
| Disance Time TMU Hand in CASE AND DESCAIPTION
Thines Cor S A Reach to object in fixed loca
ac i -l
A ,' =B R tion, or to object in other
riegs { 2.0 2. 2 ; hand or on which other hand
Iy % xR X rests.
% IHEI il 32N 8 Reach to single object In
13 X A8 location which may vary
To 1 BE. 3 WK slightly from cycls to cycle.
ST sal 65 1-7.2]| € Reach to object jumbled with
9 ; ; ; FANE 7. othar objects in & group so
10 : 5 112, : ; ";- that search and select oceur.
¥} - : 2 (11, B : :
:4 it K . : 34| D Reach to a very small objarl:t
: % - = : : or where accurate grasp s
i e e e e fise]| . reauired:
2ol i L e E fleacl: hn igdeﬁnita :mtlfon
* N b i vl KL : o get hand in position for
— ; I: CH ?f ? ?; body balance or next motion
30 [ 7.5 |35 287|225 37l or outof way,
: '
2. GRASP (G) 1A, Symbol GlA = Bimple closing of
(Gain control of object(s) by fingers %o gain control of object.
fingers or hand) GlA = 2 TMU,

1B. Symbol G1B = Very small or thin

object lying close to flat surface:

Figure Bl G1B Grasp used when e¢loth
or paper is stacked in layers

Time = 3,5 TMD,




"Pick-up" Grasps

1C.

Fignre B2

All 1C Grasps are of nearly
eylindrical objJects that interfere

with each other:

objects are in contaet with one another

Symbol G1Cl =‘Interrerence between
objects. Cbject Diameter > 1/2".
Time = T.3 T™U

Symbol G1C2 = Intefference between
objects. 1/4" < Object Dia. < 1/2".
Time = 8.7 ™U |
Symbol G1C3 = Interference between
objects. Object Dim. < 1/b".

Time = 10.8 T™U

Regrasp. Symbol G2 = Regrasp or
shifting of an object by the same
hand to gain better control.

Time = 5.6 TMU

Transfer Orasp. Symbol G3 = Chang-

ing control of an objeet from one

hand to the other. Time = 5.6 TMU.

101

G1C Grasp used when cylindrieal
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i, Jumbled Object Grasp. All Gi Grasps

secure control of an objJect jumbled

with others:

Figure B3 Gl Grasp used when object
is jumbled with other objects in a group

GhA = Jumbled object > 1" x 1" x 1".
Time = T.3 T™MU.
G4B = Jumdbled object > 1/W" x 1/4" x 1/8"
and less then GhA. Time = 9.1 TMU.
G4C = Jumbled object smaller than
/8" % 1/4" x 1/8", Time =
12.9 T™U,

5. Contact, Hook, or Bliding Grasp.

Symbol G5 = operator has sufficient
control when hand contacts, hooks,

or slides on object. Time = 0 TMU.

e e e e e i ——

’I

3. MOVE (M) A. Symbol M{(x) A = Move an object to
(Transport en object to a the other hand or up egainst & stop.

destination) Care required to prevent demage to

object.



Note 1:

Note 2:

Symbol M{x) B = Move an object to
& peneral or indefinite loeation.
Requires reasonable amount of sight
and/or concentration.

Symbol M(x) C = Move‘object to an
exact loecation., It is a careful,
precise mption requiring sight,
concentration and maximum physical
control. (If extreme accuracy is
required, follow a M{x)C move with
a POSITION motion for final adjust-

ment. )

Table B2 MMM application data--Move M

v Tirne TMU Wt Allowance |
Moved Hond || we. | Feoc] Cone CASE AND
Inahes mmenll (B | eor |stant OESCAIPTION
A B ¢ B Up to TMU
[ 3Corion ] 20 ;g 120 28| o 0
N RS A A o Troel 52 || AMove objeat to
i — : otherhandoragainat
: 128 | t.at | 20 stop.
ST s T i es ] 1.8 [ 197 se
o 0, R
i e e s | 1| T4 g Move object to
x 2108 )l ars | 1,28 | 0 || poroximata or in-
; LMELN definite location.
i : et aas | 193 |10
0 : FTRAMEER :
22 20.8 | 1 23, B T | 1.9 1125
" Taz4 1908 135,813, ' € Mova objsct to ax-
201940 2.8 (273 [19.8 | 42.8 | 1.44 {14.3 !
8 75.6 | 23.10 | 29 i, act location.
— et ars | 1o 100

MOVES in motion initially (uM(x)_), see Teble.

Effect of Weight on MOVE. For weights up to 2.5 1lbs., no correction

to tebular MOVE TMU's is needed.

(1) Opposite the tabulated

For weights greater than 2.5 1lbs.:

weight which 1s next grester ‘than
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the known weight moved, read "factor" and "consiant".

(2) Now, let the weightless MOVE time (for distance (x)) be V; then

Corrected MOVE T™MU = (factor)(V) + (constant)

Example: Move, 12 inches, Case B, object 15 lbs. Symbol notation is

M12

B15.

From MOVE Table, M12B = 13.4 TMU; factor = 1.17; constant

=5

.6.

Then:

Corrected TMU = (1.17)}(13.4) + 5.6

= 21.5 TMU for M12B15.

L, TURN (T) 1. Bymbol T(Y)S = turn hend Y degrees
(Turn hand, empty or loaded, with 8 = smell load (< 2 1bs.)
by a movement that rotates 2. Symbol T{¥JM = turn hand Y degrees
hand, vrist and forearm about with M = medium load (2.1 < M < 10)
long axis of forearm). 3. Symbol T{Y)L = turn hand Y degrees
with L = large load {L > 10.1 1bs.)
Table B3 MM epplication date-Turu and Apply pressure- T aund AP
- Time TMU for Degreas Turned
w't.h" 20 [as5e oo | 75° |97 J1os°f12ctf1a5°| 1507 185 183
Email— Oto 2Pounds| 2.8] 3.5] 4.9] 48] 3.4(6.1| 68 T.4{ 8.1] B.T]| %4
Medlum—2.1to10Pounds | 4.4} 6.5| 6.5 7.5]| 8.5f 9.6 |10.6 "'E.,.“'T 13.7[148
Larga— 10.1 1035 Pounda | 8.4110.5)12.3}14.¢ 16.2 {12.2]29.4 (22,2 |24,7 |26 8.2
APPLY PRCSSURE CASE 1—16.2 TMU. APPLY PRESSURE CASE 2—10.8 TMU
5. APPLY PRESSURE (AP) 1. Symbol APl = Regrasp or squeeze
and apply pressure. Time = 16.2 TMU,
2. SBymbol AP2 = apply pressure only;

no regrasp or sgueeZe necessary.

Time = 10.6 TMU
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6. POSITION (P) Three types of fit and three types
(Minor alignment, orientation of symmetry are tabulated, as follows;
and engagement of an object also degree of difficulty.

with another object)

Type of Fit
1 = Loose (Pl) = gravity is sufficient to seat the object, or no pres-

sure is required; Alignment is usually to tolerances
of 1/32" to 1/2",

2 = Close (P2) = 1light pressure required; alignment is to a tolerance of
<1/32",

3 = Exact {P3) = heavy pressure required.

{a) Symmetrical (S) ' {(b) Semisymmetrical (¢) Nonsymmetrical
(s8) , (ns)

Tables B4 MDY application data-Position P

S OrET Symmetry | TarTe | Pliandte o

3 5.8 1.2
t—Loose | No pressure required - 88 9.1 14.7

NS 10.4 . 180

S 16.2 |
2—Ciosa | Lipht required 88 19.7 25.3

NS 21.0 26.8

§ 090 [
3~Ennet | Heavy presaure required. [E] 45,8 B2.1

N8 47.0 5.4

*Distance moved te enpaga—1* or less.
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T. RELEASE (RL) 1. Symbol RL1 = normal release; s
{Relinquish control of an ' simple opening of the fingers.
object) . Time = 2 TMU.
2. Symbol RL2 = contact reléase;
begins and ends just as the following
Reach oceurs. Time = 0. o
8. DISENGAGE (D) _Required variables are degrees of
(break contact of an object fit and ease of handling:

with another object)

3.

l.

Degree of Fit
Loose {D1} = Slight effort; blends with subsequent motion; no hand
recoil
Close (D2) = normel effort; slight hand recoil

Tight (D3) = considerable effort; hand recoils merkedly

Ease of Handling
Easy (E) = object readily grasped & handled
Difficult (D) = object cannot be readily grasped; additional

grasping motions necessary

Example of DISENGAGE:

DZE = disengage, close fit, cbject easy to handle.

Table B5 MIM application data-Diszengage D

DlMeuiq
Easy to
CLASE OF F|T Handle ".mm
{=Lanso~=Veory slight 40 &7

sifort, bfends with
qubyaquent move.

2=Cloge =~ Normal 7.5 1.8
short, slight racoll, -
3=Tight — Considers | 209 34.7

abla eHort, hand ra-
tolls markedly.
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UNIVERSAL STANDARD DATA

Notes

1. Data are tabulated in Time-Measurement Units (TMU).
2. 1 TMU = 0.00001 hour.

3. Conversion Factors:

Multiply: by: To get:
T™U 1 4 hours
T™U 6 X 10_2 minutes
T™MU 3.6 x go seconds
Hours 10 3 T™U
Minutes 1.667 x 10 T™U
Seconds 27.77 T™U

4. Relative error magnitudes:

Job Length Probable Relative Error
< 0,6 min, 1 to 10% of MM Synthesis

0.6 - 1.0 min, 1 to5% " 1" 1"
1.0 - 3.0 min, 1to3% " v "
>3.0 min. < 2% T "

5. If motion(s) cannot be found in USD tables, synthesize the
needed motion(s) from MI'M tables.



TABLE B6- GET OBJECT

108

Distance reached (inches)
i 1 T T == .
~| ¢ -~ o® Type of g o !
Symbol | =! m| o @ ~| ~| & Grasp Description f
RNEE R |
G_S 4| 6{10| 12715} 19| 25 [Simple pickup | Easily pgrasped ohject (GIA,GlB,G5) 1
G_E 10 {14 | 18| 20| 22| 27| 32 Jumbled Easily jumbled or some interference !
{G4A,G4B,G1C1,GIC2) _
GA 15119122 24 27 | 31 | 37 or Average jumbled or medium inter- !
Ference (G4C,G1C3)
6D 21 |24 | 28| 30( 33|37 |42 Inter- Difficult jumbled; separation
ference problem (G4C + G2; G4A + 2G2) '
G_N 61 &8|12|14|17 |21 |27 |New hold Get new grasp (RL1 + R B + GlA)
GT 8 9{13|15|19 |23 |30 |Transfer One hand to other hand (M_TK + G3)

== TABLE B7 - PLACE OBJECT (Nominal Weight, to 2 1/2 1b.)

Distance Moved (inches) | Class
T of
Symbol| =| wm| w| @ =| &| R | Posi- Description
v ' 1 v! ] ] 1
w! | w| o] W] & | tion
Yy | - -t o~
!
PB 4| 711011311519 | 24 | None Against stop; indefinite location.
(M_B or M_A + RL1)
P L 13 |16 1 20| 23,26 (32| 38 Pl Loose fit (M C + Pl + RL1)
-— - - |
i
PC | 24!27|31}34(37 42/49 | P2 Close fit (M_C + P2 + RL1) :
PE 51 |54 (58160164 149 (76 P3 Exact fit (M C + P3 + RL1) N
= \ = s _
TABLE B8 - PLACE OBJECT (Significant weight, > 2 1/2 1b.)
Wt, Distance Moved (inches) | Class T
() T of
Symbol | up wi oMl el ol ~) oo @) Posi- Description
to ! | | =~ o] w| ~{ tion
(' - - o4
10 61 91315} 18 |22 |27 Against stop, or to indefinite location
PB_ |20 [10;13]17 |20 23|28 |33 | None (M_B or M_A + RL1)
30 14117 ¢21 [ 251 28 [ 33139
| 10 151923 26| 29 | 35|42 Loose fit
| P L 20 19123287 31| 35|41 |49 Pl (M C + P1 + RL1)
30 |23)27!32({35| 404655
10 261291341 36| 40 [ 46| 53 Close fit
PC_ | 20 [30)33|38|41|45|51|59 | P2 M_C + P2 + RL1)
3 33 ({38 {431 46[ 50 |57 |66 | -
i} 5356 |61 |63 67|72 80 Exact fit
PE |20 |55|60 16568 |72 |78 |86 | P3 (M C + P3 + RL1)
< G0 164 169 {73177 |84 193 ) e
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TABLE B9 - GET/TURN AND PLACE/TURN

Symbol ?;;:?? hEDEg;ges Tigge e Description

L em 6] 7] 7| o
pr | (5| 811 | | a7 f%f; e 1
0 vt EER EUR BT I [ +4

TABLE B10- WALK DISPLACEMENT

Con- Humber of Paces
Symkol dition 1 2 3 5 8 11 14 18 Description

Wo__ | Obstr. [ 36 53 . 70 10k 155 206 257 @ 325 | TBC14M__FO

TABLE B11 - MISCELLANEOUS BODY MOTIONS

Symbol T™U Components Description
" BD1 18 |sscl; TBC1 Turn body, Case 1, to pick up part
BD2 32 |55C2; TBC2; B; S, Complete side-step; or turn body w/side-step;
KOK; A...; WeP _or bend; or stoop; or kneel on one knee; or

arise from bend, kneel, or stoop

BD3 T3 |KBK; AKBK Kneel on 2 knees, or arise from sgame

FL 13 | FM; FMP; IM1O Foot motion (at ankle) with or without
pressure; or foreleg motion < 10"

1 3@ |SIT; STD S8it; or stand from s sitting position

TABLE Bl2 - CRANK

. Force (1bs.) | Number of Revolutions
Srabol Diem, sp fou 1 5 L B
s < 6" 10 19 31 56 106
__CSF |  same 30 29 L3 73 132
_¢CL > 6" 10 21 36 66 125
__CLF same 30 31 Lg 8k 155
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APPENDIX C

Basic elemental motions and predetermined time standards

for operations in the embroidery process.
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Table Cl Synthesis of "Goods cutting operation'" by MIM and USD

Operation Name: Goods cutting operation

Symbol used in Flowchart (Figure Al) to represent operation: (::)

Contents of operation:

Operator:
1) Cut 2 pieces of twill goods 10 1/2 yds long, 42" wide

2) Hand-wax the goods with wax bars on the 'wrong side'’

3) Fold the goods in a prespecified manner and carry them
to the machine stand at the far end of the machine

4) Cut 2 pieces of backing 10 1/2 yds long, 42" wide

5) Fold the backing and transport to the machine stand
at the far end of the machine

Helper:
Assist the operator in performing functions 1 through 5

Purpose of operation:

The goods cutting operation ensures that a fresh span of cloth and
backing is ready to be put on the machine

Operation starts:

Both operator and helper at machine center and front

Operation ends:

Both operator and helper at machine stand

Sketch:
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Figure Cl. Layout of the Goods Cutting Table.

Synthetic cycle time:

13.72 minutes.
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HELYLER OPTRATOR TOTAL
LEFT HAND i RICHT HAND 2 _koby 3 TOTAL 4 LLET HAND 5 RICHT HAND 6 Houy TUIAL
— i R _ y
SYMUOL  TIME  |S$vMBOL  TIME  |SYMEGL  TIME SYMis T i i |
Ml f{::;c:t SYMROL  TINE | SYNEOL  TIME | SYmEOL ’IIEMI: (:;oatur fireater of
"Lsh (i) usn ™U “Us0 ™Y e *Use it *UsL ™U *usp THL A .;4-?.2.'.15..
1) Walk to che head of the cutting tahle 1) Valk ta the head nf the cuttine tahle
An avernge dEimrance nf 40 feet 2 averame diatanca of 40 feer
*RRM_TU- 1A ARRM-TU-1A
25 fe.y  1Ivn (2% fr.) 1100
ERRY-TY-1IN ARRM-M-1 0
(% fe.) 9n.n (1% fe.) an.n
Toral 2600 RN, 0 60,0 AN b LU
* * . »
i R e ey S ; ; st -
2) Grasn goads and walk with them to the far end 7Y frasn wooda and walv with them to the far end
of the tahle af the tahle
1
*G215 19.n 19,h *215 19,0 19.0 19.0
» »
TRC1 18.6 THE] 1.6
*W1g 2R9.N #W1R 289.1
Toral .6 Int.a Total Nk n7.6 LA
L ] L]
1) Help operator to flip comh into working posmn. 3y Plin comh {mpunted at the end of the tahle)
into wnrking nnsitien
*GT13155 9.1 *OTLN5S 9.0
RL1 2.n RL1 2.0
Tatal 11.n 11.n Total 11.Mn 11.0 1.0
El "
1 . [ '
4) Walk back to tahle head. fet scissors, cut &) Tack moods firmlv onto comb (annrox. 20" long)
noods (42" wide). Renlace scissors then walk to tahle head
2418 289.9 279 .0 R20B IR.F-| RAR 1n,1] #*2xAN2 f4.0 [T *
* % 3 "
R1NA a.7 nS n.ni as nn
nicl 1.3 PISE S.6| PISE 5.3
RL&A 1n,5) ML4R - 14.6 R1RR 1B.A
GIR 3.51 M3INB+mM26B #/D2 32.n G5 n.n
37.1
AP2 in.6 Tacking goods,on comh requires 8 atrokes
MINB4mM26B *BDI. 32.0n |
44,1 RxR2R 32,00 RMIf2%m 13,6
RL1 2.0 RxAPL 129,64
Total 14,0 124.4 F&.0 124.4 BxRL2 .0l sscl 17.0
* *l Rx®1%m 2R8.8
RS AN
Get Wax hlocks and hand one|te operator Total 56.2 177.6 17.0 172k
* *
| *G1NS 15.0 15.0 —
J * B p2nE 16.7] R20R 16.71 wuig 28e.n|  2p0.n
4. . N sin 6 5304
* ! % = o
MIANA 271 RINA 17.%
G] 5.6 63 5.6
H12hm 1.0 M1 2Rm 10,0
Total 42.7 42.7 Total 43,7 62,7 A7
x ] * &
5) Wax the anan with laree carved atrokes,
v} Wax the sean with lnrﬁe curved .-zlzrakes:‘.I (8 strokes—arnrox. %7 should cover 21") then
(8 atrakes-annrox. 57" should cover 21 } then ’
side-sten. 1N rvclea are reauired to wax snan
sfde-sten. N eveles are reauired to wax snan
First evele
Firat cvcle
B(MINB+mM27B A(YAR4MMITH)
R4 N IRY N k{30 3fAN
* » ® *
! I a2xpm2 (T T [ | e2xnn2 fLnf o RaL0
w * " L]
9 nther cveles @ other cvelen
{364, Mehb, M) OfIAA AL, N
IRS2.0 1852.0 IA852.N 19%2.n
* EIRO N " [SLLI L2R0 N
e e s e e 5 R SRS
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L1Y ek up poods and walk teo machine atand

HELFER , CGPERATOR THAL
Li T LIAND 1 RIGHT HAND 2 LobyY 3 TOTAL 4 LEET 11AND 5 RIGHT 1A 6 oLy 4 TITAL " "
SYMEOL  TIME | SYMBOL  IML | SYMLOL TIME Groater SYMBOL TIME SYMLBGL  TIME | SYMBOL  TIMK Greater Lirualor of
times at times st 15Kt
Ush THU wWEp MY USD THU emtactaalowUED TMU S0 MU *usL MU B T P
7) Hand over wax block to operator 6) Calleet wax block from helper and walk to the
head of the cutting table. Replace blocks
M16A 16.0 RibA 11.4
[h] 5.6 al 5.6
Toral 1.6 21.6 17.0 17.0 21.8
* - -
1
8) Ger around the table and disengage the goods ] l *WiR 2890 289,0
from the comb. Flip comb back ] *
R20E 16.7| R2NE 16.?' #2XBD2 64.0 64,0 I R1L1 2. | TBC2 17,2 37.2
" * & -
Gla 1.5 GlA 2.0
DiE 4.0 RL1 2.0
RIA 5.3 | R3A 5.3
G5 0.0 G5 . 0.0
T90S 5.4 | T90S 5.4
Total 14.7 18.7 13.7
* *
| #2xBD2 6.0 54,0
* * 146.7 326.2 326.2
[y *
[ 1 7
9) Help operator to fold span in half, waxed 7) Grasn goods, fold span in half, waxed face
Eace outside. Place span on table top outside. Place span on table top
R10B 11.5 R10B 11.5
G1B 3.5 G1B 3.5
M3INBm7.5 MIOPw? .5
26,3 6.3
Total 41,3 41.3 Total 41.3 41.3 41.3
* " *
R1OB 11.6 R1NEB 11.6
GlA 2.0 GlAa 2.0
Total 11.6 13.6 Toval 13.6 11.6 13.6
* * #
M20Bm? .5 M20Bm7 .5 M20Bm7.5 M20Pm7.5
26.3 26.3 26.13 26,1
G3 5.6| G} 5.6 ¢l 5.6{ G1 5.6
RINA 13.1 R20A 131
M27Bm?.5 M27Bm?.5 M27om?. 5 M27TMm? .5
24.5 24.5| *BD2 32.0 24.5 24,5 *BD2 32.0
RL1 2.0] RL1 2.0 RL1 2,0 RLY 1.0
R20E 16.7] R20E '16.71 *BD2 32.0 R20E 16.7] R20E 16.7} *BD2 32.0
Total 75.1 88.2 64.0 88.2 Total 88.2 75.1 64,0 BB.2 88.2
* " *
1 i R
10) Start folding span at far end. Each fold [ B) Walk to the other side of the table head
covers 15" approx. 25 cycles reqd. to fold span in order to change tasks
R20E 16.7) R20E  16.7| *2xBD2 64.0 65.0 i ) 34.0
& : E . -
t
First cycle
€1B 3.5] GiB 3.5
MZ0Bm 15.6| M20Bm 15.6
G2 5.6] G2 5.6
M30B+mM18B M30B4mM18B
28,5} 38.5
G2 5.6f G2 5.6
Total 68.8 68.8 . 68.8
L *
i
! !
The other twenty four cvecles
24xM108 24xM308
mMeB  720,0| wMeB 20,0
T4xG2 13, 4] 14xG2 134.4
24xMI0R 24xM3I0B
mMISR 924.0| mM1AR 924.0
ax2 134,64 24xG2 134.4
Totat 1412.8 1e12.4 1012.4
" "
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HELPER OI'ERATOR TOTAL
TERT LASD 1 RIGHT HAND 2 BOLY 3 FOTAL 4 LLFI" JIAND 5 REGUT HAKD 6 hony 7 UIAL g 0
SrEOL TINE AYHMBOL  TIME SYMEOL TIME Grouter SYMBOL  TEML: SYMROL  TIME SYMLOL TIME fireuter Greater of
times ot tires ol [ 4 & boat
] ™G *ush ™y “usD ™U R LCEL A usbL ™U *USD THU “usk ™Y et i i
R1SH 15.8] R15M 15.8; TBCl 18.6 o
nia 3.5! GiB 1.3
Total 19.2 19.3 18.6 19.3
i " »
! *3BM-TW-19
(25')x1.5 25%.0
x1.5 bulky load 255.0
* *
i17) Denorit goods on machine stand and walk to
head of cutting table
. owios 12,2 mos 12.2] #BD2 2.0
;. PlSe 5.6 P1SE 5.6
Pomd 2.0| RL1 2.0( *BD2 2.0
' OR2NE 16.7| R20E 16.7| *HEM-TH-~10
| (25") 170.0
: Total 36,5 36.5 234.0 234.0
i ®' 2554.2 94.0 2554.,2
i W [ [}
g 8496.0
Yere 1 plece of goods has been cut Here 1 piece of goods has been cut
Jill\ Exactly 1in the same manner proceed to cut 9) Exactly in the same manner proceed to cut
i the second span of goods, 10 1/2 yds long the second span of goods, 10 1/2 yda long
42" wide . | 42" wide 8496.0
® * *
; 1
; Exactly in the same manner as the goods, Exactly in the same manner as the goods,
: nraceed to cue 2 plecea of backing, 10 1/2 nroceed te cut 2 nleces of hacking, 10 1/2
E vds long, 42" wide (No waxing reqd.) yda long, 42" wide (No waxing reqd.) .
I
14) Grasp backing aad walk with it to the far 10) Grasp backing and walk with it to the far
end of the cutting table end of the cutting table
w6215 19.0 l w215 19.0] 19.0
* * *
THCL 18.6 TBC1 18.6
*18 28%.0 *J18 289.0
Total 307.86 302.6 Total 307.6 nT.é 301.6
® [ ®
15) Walk back to table head, get scissors, cut 11) Walk to side of tahle and hold firm while
backing. Replnece scissoras. ldentical to helper cuts the hacking
helper col. no. &
R20% 16.7] R20E 16.7 | *2xBp2 64.0 64.9
[ 289.0 . s
124.4
* * 12) Foid hacking, vick un backing, walk to mach- -
ine atand, deposit backing and walk to head
of cutting table. Identical to helper cols.
10, 11, 12.
64.0
68.8
1912.8
19.6
235.0
234.0
2618.2 2618.2
» a '
j 2944 ,8
Here 1 piece of backing has been cut Nere 1 plece of hacking has been cut
16) Exactlv in the same manner proceed to cut 13) Exactly in the mame manner proceed to cut
1 mora piece of backing, 10 1/2 yds leng 1 more plece of backing, 10 1/2 yda long
42" wide 42" wide 2944.8
* & "
G. Totsl 22881.6
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Table G2 Synthesis of "goods spanning operation" by MIM and USD

Operation Name: Goods spanning operation

Symbol used in Flowchart (Figure Al) to represent operation: (::)

Contents of operation:

OEerator:

1) Mount a fresh span of goods onto the top bank
tension: cloth tacked satisfactorily onto the
and side combs.

2) Mount a fresh span (of cloth) onto the bottom
desired tension: cloth tacked satisfactorily
bottom, and side combs.

Helper: Assist operator in mounting of fresh spans of
machine

Purpose of operation:

To mount fresh spans of goods onto the machine in
process the next batch of emblems

Qperation starts:

Operator and helper at machine stand

Operation ends:

Operator and helper at machine stand
Sketch:

Figure 2.1

at the desired

top, bottom,

bank at the

onto the top,

cloth onto the

order to

Synthetic cycle time: 16.82 minutes.




HELbER o ‘
OPLRATOR TOTAL —l
LLFT b \ v ! 1 T ] :
FT hadb 1 RIGHT HAND 2 Luby 3 TOTAL 4 LEFT [1AND 5 RIGITL 1IAKD 6 BODY 7 9
et s ' g Wi A " :
SenAl, CTIML PSYHBUL TIME | SYMEOL TiML :‘f;u“;t SYMBGL  TIML | SYMBOL TIME | SYMEOL  TIME Greater of
[ :
*UsD ™ UL T™U *Usy ™Y e Haatua US| ™Y *UsD ™ *UsDh ™MU f_ E_i‘.t:-_ v
1) Grasn cloth and take it to top bank of maching
*3188 19.n| *G12F 22.0] *Bh2 2.0 12,0
- "
RL1 2.0 M2NEm 15.6
LLE L 12.n
Total 14,0 15.6 15.4
[ ] L]
i
i “AB-TW-N2xl.5
I 4 15.0
! *BBp-VD-N2x1.5
1ns. A
x 1.5 Rulky Load
Total 180.0 18n.n
* *
2 Lay moods on shield board and flip goods over
M26A 15.8] M26A 15.8
RL1 2.0 RL1 2.0
R12A 9.6 RL2A 9.6
[1B 3.5 1B 1.5
M129{13.4) MI2R(13.4)
TI1RAM(14,8) TIRNM(14,8)
14.8 14.8
RL1 2.0/ RL1 2.h
R1NB 11.5
Gl 1.5
M1NE 11.3
RLY 2.0
R15F. 14,2
Total 41.1 90,0 nn,n
* * 317.6 7.4
« * #
1) Take the end of cloth and move towarda the
automat end of the machine
R20A 13,1
Gin 3.5
Total 1F.6 16.6
* .
TBCY 1B.A
*3xhD2 96.0
Total 114.6 11L.4
* [
Cross left hand side nole
MRR, 1.6 8501(15") i8,6
R1BA 12.1
G1B 3.5
Total 26.4 18.6 26.4
: * * i
| 1
E *2xRn2 R4 0 (W i
H % % i
! {
f | Cross 1eft hand mide foundation pillar !
] i §
| | :
: “168 12.2] =se1(15™)  14.6 \
: RI4LA 14,0
! (4] 3.5
‘ Total e 18,6 L
! * *
i | *31xRD2 e, N ok, n
| L]
Crnan centre role
wap 10,6 ssc1(15") LA.K
RIRA 12.1
r1R 1,8
Total 6.4 18, 26,4
& » i
| [ #1xn2 kN ak, A
- )

Croan viaht hand side fomndntion nillar
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HLATER OFERATOR AL
sl ls oo S s e s sl
N 1 - . I TUTAL LT 1) RICHT IAND hany LoraL
LEFT HAND 1 RIGHT 1AL 2 Loy 3 TUTAL 4 LEFT HANI 5 6 7 i §
SYMEOL  TIME SYMBOL TIME SYMEGL TIML Lreater SYMBOL  TIME SYMEQL  TIME SYMIOL TIML Lreater Lreates of ,
times ©t tines at a6k at
*usp ™Y UsD ey *Ush ™Y LI *UsD ™U *Ust I™U *Usb THU —a®o_a_ . -
M1hR 12.2
R24A 14.9
(3 5] 3.5
Totnal N6 N A
" *
*2xRN2 LT Kt N0
. *
Crana right hand aide role
MAR 10.6 | SSC1(15") 18.6
R1RA 12.3
GlR 1.5
Total 2h.4 18,6 26.4 i
* * .
l *1xRN2 LT ak . A
*
i
2} Secure cloth fnto comb
62 5.6 | 5.F
* *
R2MA 11.1
nia 2.n
Total 15.1 15.1
* *
U168 15.4] Mien 15.8 | 15.8
N *
62 5.6/ | 5.6
4 *
Paven  53.4) pwsn s34 51,4
* *
G2 5.6
M&Rm 5.7
AD] 16,2
Total | 27.5 27.5
* * an. e LIS
* ] * 3
3) Secure the end of cloth to the comb
R15A 11.4] R15A 11.4
GlC 3.5] GiC 3.5
ML&R 15.8 | M1AB 15.8 |
APl 16,1 AP1 . 16.1
Total 46,8 46.8 A6.R
* *
| 62 5.6 | 5.6
" i *® |
PINSD  53.4| PaNsD  53.4] 53.4 : ‘
* [ g I
G2 5.6
M6 Bm 5.7 |
AT] 16.2
RL1 2,0| RL1 2.0
Tatal 29.5% .0 29,5
5 *
& 135.3, N 1353
3} Okav centering of anan
FT n.n LR n.0
- L] *
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HELPIR OILRATOR TOTAL
LLFT HAND 1 RIGIT HAND 2 BOLY 3 TOTAL 4 LEIT LIAND 5l RIGIHT [IAND 6 HBODY 7 TOIAL g 9
SYMEOL TLHME | SYMBOL TIME | SYMBOL TIME Creuter SYMUOL TIME | SYMBOL TIME | SYMBOL . TIME Groater Greater of
* times at times at 4 L I at
*UsD T™U *Usb ™U *Usp ™U L E T e *UsD T™U *Usp TMU *Usp ™U EELCTLEE I L R Tt
(AN-13(12,.R+ {FN-13(12,R+
1R, 245.6) 18.245,4)
21594 2159.4 21804 21%9.4
* - [ L
Allouance for croaming left han! aide Alleowanca for croaaing right hand aide nole
foundation nillnr
Ry2 n.n’ RL2 L]
R2AA 16.7 SSC1(15")Y  IA.6 RF1NA R.7 S501(15™) 18,4
na 1.5 [ L] 1.5
Total 20.2 1R.6 mn.2 Total 12,2 . 1R.4 18,6
L] " * [
RL1 2.0 RL1 2.n
R28A 16.7 | 7L 13.0 R12A 9,6 | *FL 11.0
G1R 3.5 18 3.5
Totnl 22.2 13.n 22.2 Total 15.1 13.0 15.1
* "
- . *
RL1 2.0 .
R1NA B.7 RL1 2.,n
G5 n.n R1NA 8.7
Total 10.7 1.7 ns n.a
* * Total 10,7 1n.7
| * [
Allowance for crossing left hand side nole -
Allowance for crosaine laft hand side
foundation nillar
RL2 n.n .
RINA 8.7 $SCI1(15")  18.6 rL2 n.n
1R 1.5 R28A 16.7 5SC1(15™) 1R.6
Total 12,2 18.6 GI1R 3.5
* & Toral 2Nn.2 18.4 2n.?
* *
RL1 2.0
R12A 9.6 | *FL 13.0 LIA 2,n
G1B 1.5 P2RA 16,7 | L 13.0
Total 15.1 13.n 15.1 1R 1.5
* * Total 22.2 . 13,0 22.2
* *
RL1 2.0 .,
RINA a.7 PLY 2.0
[ a.n RINA R.7
Total 10.7 1n.7 GS n.n
* * Total 1N.7 .7
% *
RINF 22.7 | RIDE 22.17 22,17
* * RINE 22.7 | RINF 22.7 | TRC1 18.6 22.7
A *
1) Malk to automat end and grasan top roller
ARRM-TH-OR 140,10 1400
®
R3NA 17.5 | R3INA+wREA RINA+aREA RINA 17.5
23,2 23.2
GlA 2.0 GlA 2.0 GlA 2.n| MK 2.0 :
Total ~ 13.5 25,12 25,2 Total 13.5 25.2 25.2
o w * 287R.0 2840 Y LEULIR
E ] 5 * L]
; T 2.0 .0 n.n
* * * o
#) Start rolline the cloth anto the roller R) Start rolline the ¢lnth antoe tha ton
titl it comes over shuttle rail (R roller ti11 there is sufficient overhana
atrokes - 3" ner atroke Are reauirved) to reach bBnttom camh, (9 atrokes
=1" per rtroke are renuired), s
AxMIRIT. S AMIRT T, S
Axfi2 A4, R1 (OA.4) (e, 4) Axn? AQ R
RxTONY, RxTCNT,
(08.4) (RN
ng. 4 e 4 *
AxAPL 129,46 RxA™ 1708
AxRAA ANR RxRAA AR, S
Total LL] 24 2L | Tntal LR LT PrELA
2760 L - 2TR.A IR
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' TO0FL
LLFT 1A% AIT 1AN s P—— ey Sy
T IAND | RIGHT TIAND LODY 3| tom T i o] keqir u.wub] oy, | TorAL "
SYMEOL  TIME | SYI TIME 3 : . T T
SYMBOL TIME | SYMBOL  TIME (;;':ulert SYMBOL TIME | SYMBOIL TIME | SYMBOL TIME | Greater | Greater of
»” cs o K
U i |eusp | usp | eeeenen| wsp T [ husp ot | st o | eemene | e hlh
RINE 22.9' RINE 21.9| TBECL 1,4 22,9 4) o to centre of comh and tack eloth at midnoint
3 "
I mor 2.0 mine 22,9l teer 18.6 22.9
*BEM-TU-NL AN N {0 ] * '
L L]
ARAM-TW-NA 140.0
TRC2 37.2 TRO2 37.2
*PL 11.0 *PL 13.1
Total 50,2 5n.2 Total 19n,2 19n.2
) ”
" "
RINA+mRAR RINK 283
11.3
GlA 2.0
G2 5.6
MAA 6.1
(451 5.6 ] G1A 2.0
G2 5.6
Total 3F.4 26.3 56.4
* *
| | er 20.0 20.0
) *
M2C 5.6 | MI/4A 2.0
62 5.6 | AP1 16.2
AP2 1n.6 1 RL1 2.0
T RL2 nn
RINE 22.9 | RINE 22,9 TBCL 18.6
Total 45,7 43.1 18.4 hE.7
173.1 * * 3314.0 134.0
* *® |
4) Secure cloth at 1/4 span point S) Secure cloth at 1/4 span point
RICB4mRAE | R3IOB4mAGE ! | apmm-ru-n4 80,0 an.n
1.5 31.5 * *
GlA 2.n
62 5.6 TRC2 37.2
M4A Al *FL 13.n
G2 5.6 614 2.0 Total 50,2 50,2
G2 5.6
* ®
Total 56,4 11.5 56.4
* * Tdentical to that of helrer col no. &
M2e 5.6 M3/44 2.0 SR, 4
G2 5.6| APl 16.2 44.7
AP2 10,6| RL1 2.0 * *
RL2 .0
RAOF 22.9( R3NE 22.9 | TAC] 1B.5
Total 44,7 43.1 18.5 4.7
* '] .
5) Go to mid-lemgth of snan and start tacking B} Co to sutomat end and start tackinw the
the cloth onta the comb. Always proceed clath onto the comh, Alwava nroceed
from lefr to right from lefe to righe
*BEM-TW-A4 BO.O an b ARAM=TU-NG A6, N gN.,N
" * * *
RINB4mRER RINB+mREB RINR4MRAR RINR4mPAR
31.5 .5 1.5 n.5 .
CiAa 1.0 3 GIA 2,0 ;
G2 5.6 o2 5.k
MAA f.1 LT 6.1
G3 5.6 | GlA 2.0 [tk ] S.61 Cl1A 2.0
G2 5.6 n2 5.6
Total  58.4 33.5 56.4 Total 6, 4] 11.5 56 .4
i N . » e
for one tack stroke covering 1" Tor one tack atroke covering 1"
rasn 124l I 12.8 | P2sp 12.#] 12.8
. " * *
MIfAA .n WY AA 2.0
APt 16.2 ; AT 16.2
Total 18,2 18,2 Total 18.2 18,2
* . ok ‘--.-...-_-.‘._,_-.,g..-.-——--—.
MIR L% | | e 5.4 LW ) uin %1 [r.? 8.6 5.k
[ ] A L ] L]




HELFER OFERATOR TUIAL
LEIT JIAND ] RIGIT HANU 2 BODY 3 TOTAL LEFT 1IAND . RICIHT HAND s oy TUTAL
]
SYMBUL  TIME | SYMIGL TIME | SYMEOL TIME E::z:ur[ SYMEOL TIME | SYMROL TIME | SyMBboL TIME Greater Greuter of
— 4 a . i i
usb ™U *UsD T™U usp ™Y PR P *UsD ™U *USD T™MU *Uusp TMU E:-ff-ff -f-f.f.f:..
Rl 2.0) RrLL 2.0 9) Clirh down |and onen completely to
R20F, 16,71 R2OF 16.7 facilicate [entry nf cloth into machine
Total  18.7 18.7 18,7 )
* * RL1 2.0 | 2.0 | TBC2 37.2
RINE 22.9| RINE 22,9
-Total 24.9 24.9 37.2 37.2
* "
#RRM-VD-N2 T70.N
*BBM-TW=04 80,0
Total 150.0 150.0
* »
R26A 15.8] R14A 10,5 | TRC1 18,6
GlA 2.0] Giel 7.3
Total 17.8 17.8 18.6 18.6
» *
AP1 16.2| M1BA7.5 20.8 | *FL 13.0
G2 5.6
#FAC-LY
=20 20.0
*FAC-LY
=N} 10,0
MIRAZ.5 20.8
RL1 2,0| RLY 2.0
R20OE 20.4| R20F 20.4
Total 8.6 92.2 13.0 92.2
* L]
*BEM-TW-04 8n.0
*RBM-VD-02 10.0
Total 150.0 150.0
* * .
R26B 22.5 R268 22.9
G4A 1.3 GhA 1.3
Total 30.2 o 30,2 Total 30.2 3.2
* * 48.9 * * §78.2 478,21
£} x *®
7) Guide cloth between shuttle rails and 10) Guide cloth between shuttle rails and
neadle rails into the machine needle rails into the machine
MhA 6.1 6.1 M4A 6.1
AP1 16.2 ;
6.1 Total 22.3 22.3 22,3
& * *
M&A 6.1 MAA 6.1
APl 16.2
Total 22.3 R 22.3 22,3
. * #
M4A 6.1 6.1 MAA 6.1
AP1 16,2
6.1 Total 22.1 '22.1 22.3
* * %
HMAA 6.1 M4A 6.1 6.1
APl 16.2
Total 22.3 22.3 5.1 22.3
* " *
M4A 6.1 M4A 6.1
AP1 16.2
RL1 2.0 RL1 2.0
Total 8.1 8.1 Tatal 24,3 24,3 24,3
" "
R) Climh down 11) Climh desn: go to autemat, oren vertical
‘ catch and tower the frame to 1/4 height
RIOE 22.9I R20E 16.71 TBC1 18.6 2.9 being the vertical hand wheel
) -
R2OF 16.7] RAINE 22.9 ]TRCI 1B.& 2.9
®RRM-YD-02  IN.0 * L
\ ARRM-TW-02 50,0
Total 120.0 1200 ARAM-VN-N2 70,0
* " AHM-TW-OK 1100
Tttt R14A 10,5] RIZA 9.6 |*HD2 32,60 )
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HneryYLR ; OPERATOR 1AL
LLFY HAUD 1 KIBIE [IAND 2 ROLY 3 TULAL 4 LEIT HALD 5 RIGHT HAND 6 bubyY 7 HITAL 8 9
SYULOL O HIME | SeMroL TIME STMLOL TIME (Irr.-alcr SYMBDL TIM SYMLLL TIME SYMEQL  TIME Greater Grestor of
“p 1l — _— - " times ut ) - Linws ut L PR 4
& U > P MY LA UL ™Y *USL ™U *ULb THI P T s o e W
Total 10.5 | 9.6 | 212.0 212.9
R1&4A 10.5| RL&4A 10.5] *02 32.0 3z.n * »
& &
GLA 2.0 [GIA .0
9} Raime left hand side bench #PAC-LV=
-N4 0.0
T 2.0] c1a 2.0 Total 2.0 22.0 22.0
M14ALD 35.0| MI4AGD 15,0 *BD2 32.0 L] »
ALl 2.0 RL1 2.0
R1OE 10.5| R1DE in.s *A0T(LE"
Total 49.5 49.5 2.1 49.5% =101bs) 73.0 73.0
n . *PAC-LV
=Nk . 20.0
| | spmM-Tu-06 110.n]  110.0 | ®LI 2.0 |RL1 2.0
* * Total 2.0 22,0 22.0
* ]
10} Raise centre bench
RIGE 13.0/m2e  11.8 [*BD2 12.0 32.0
R14A 10.5| R14A lU.Sl *BD2 32.0 32,0 * *
* *
12) Walk to the hack of the machine and raise
GlA 2.0| cla 2.0 the right hand side bench
H14A40 315.0| ML4A40 35.0| #Bp2 32.0
| RLY 2.0| Bl 2.0 | [ #pBM-Tv-08 140.0|  140.0
} R1DE 10.5%| RLOE 10.5 * *
i Total 49.5 49.5 :
* * r1aa 1005 (Rasa 10,5 | emp2 32.0 12.0
. ] L]
*ABM-TH-08 140.0
TBC2 37.2 GlA 2.0 | GIA 2.0
Total 177.2 177.2 M14A40 35.0 | M14A40 35,0 | #RD2 32,0
* * ’ RLL 2.0 | RL1 2.0
RINF 10.5 | RINE 14,5
Total 49.5 49.5 2.0 49.5
* *
*2xRD2 64,0 64.0
593.1 * * 6694 | f69.4
® * [}
11) Tack the ends of the cloth onto bottom 13) Tack the ends of the coth onto the
comb bottom comb
R28A 15.8] R26A 15.8 R28A 15.8 | R28A 15.8
G1B 3.5| G1B 3.5 G1B 3.5 | G1B 3.5
M4A 6.1 MaA 6.1
AP1 16.2| G2 5.6 G2 5.6 | A1 16.2
| pansp 28.6 | P2NSD 26.6 P2NSD  26.6 | P2NSD 26.6
G2(5.6) HIL4A 2.0 G2(5.6)
. M6Bm(5.7) APl 16.2 MAEBm(5.7)
i 5.7 5.7
AP1 16.2 | AP2 10,6 | RLL 2.0
Total 90.1 69.7 90.1 H6A 8.1
* * G5 0.0
MI/4A 2.0 ‘
12) Go to mid-length of span and start - APL 16.2
tacking clath onto the comb proceed Toral 62.1 102.2 102.2
from left to right " *
R22 0.0{ RL2 0.0 g 14) Continue to tack cloth cnto the comb.
RIOF 22,9{ RINE 22.9| TBC1 18,6 Alwava done from left to righe:
I Tatal 22.9 22.9 18.6 22.9 For 1 cvcle covering 3"
* *
| R3B 5.31 R3B 5.3
4 RREM-TW=-08 140.0 F2SD 21.8 | M3/4A 2.0
“ I *TBC2 37.2 AP1 16.2
| Total 177.2 177.2 Total 27.1 23.5
X » * * *
i
13) Start tacking -identical as operator For 15' - 60 tdentical tacking cvcles are
col. no. l4 required
R26A 15.8) RIBA 15.8 (an-1327.1 *BxAD2 256.0
G1B 3.5} G1B 3.5 1598.9 1598.9
RL1 .0 * b
B1SD 71.8] R3B 5.3
HIf4A 1.0 Allowance for eroasing right hand side pole
AFL 16,2
Total w1 44,8 44.8 22 n.n
" * RIGA B.7

|




1f o R
BLLPER OIERATOR ‘3‘3;: ™
LLET LAN T : A R E ST (e PrraEly R L et e :
FI' LAND 1 RECIT HAND 2 BanY 3 TUTAL 4 EEFT HAND 5 RIGHT 1AND 6 BOBY 5| 1uia h SRS .7,7 ad
SYMaOL  TIAE | SYMROL n e, ; ] R e e
YMEOL  TIME | SYMEOL TIME i.:-;:utc;t SYMEOL  TIME | SYMBOL  TIME | SYMEOL  TIME freater Greater of
ayy slIe . ey e i
uso ™U usp ™U “Usb ™U P P s[SL ™y *UsD ™Y “USh ™U El.':‘:’:.l_lf :’_t:.‘i"'i:'t."
For 15'-60 identical tacking cycles (1] 0,0
are required! Total 8.7 8.7
L] L]
(6n-1)27.1 hBxBD2 256.0
1598.9 1598.9 nL2 0.0
A » R12A 4.7
ns n.0
MYovance for eroasing left hand side Total 8.7 8.7
Foundatton nillar. Identical ma for crossing * 4
of right hand side foundation pillar for
aperator Allowance for crossing righthand side
foundation pillar
18.6
16.7 PL2 n.n
# - R28A 16.7 ssC1(15") 18.6
G5 n.n
K lovance for erosaing left hand side pole. Total 16.7 18.6 18.6
tdentical an for crossing of right hand * *
side pole for operator
RL.2 n.o
l ‘ 8.7 RZBA 16.7 | *PL 13.0
i 8.7 62 0.0
| : " Total 16.7 13.0 16.7
i " * 178n.9 1984.4%
i | | 1986.6 : :
| & Ll ®
t
|
| 14) Go towards centre and help operator 15) Wait for helper to come and then flip
‘ Elip comb comb
RL2 0.0| RL2 0.0
RINE 22.9| R3OF 22.9| TBC1 18.6
Total 22.9 : 22.9 18.6 22.9
‘ . *
| #BEM-TH-06 110.0 110.0 ! .
| * * ] ;
\ |
R30A 17.5] R30A 17.5 l
i G5 0.0 65 0.0 |
Total 17.5 17.5 17.5 !
* * 150.4 3 15n.4
& ® Y b
G2 5.6] G2 5.6 G2 5.6 | G2 5.6
BIf4B7.5 4.3 M3/4B1.5 4.3 MI/4B7.5 4.3 [ M3fART.5 4.3
AP1 16.2] APl 16.2 AP1 16.2 | APL 16,2
Total 26.1 26.1 6.1 Total 26.1 6.1 26,1 6.1
® * - *
15) Hold comb in flipped position 16) Go to automat end, pull right hand side
bend down and climb up
RL1 2.0 | RL1 2.0
t R3IOE 22.1 R3NE 22,7
\ Total 24.7 24,7 24.1
: " *
I
| | *BBM-TH-06 110.0 110.0
i * . ‘
R12A a9.f | R12A 9.6 :
: GlA 2.0 | G1A 2.0 H
| M10A17.5 18.B | M1NDALZ.5 18,8 | *pp@ 32.0 ;
Taotal 30.4 0.4 32.0 32.0
* *
1
RLL 2.0} RLY 2.0 :
RL4F u.ol RI4E 13.nl *ED2 32.0 |
Total 15.0 15.0 2.0 3z2.0
i * N
RBRM-TW-02 50.0 !
*BBY=VD-N2  70.0
i *FL 13.0
I Total 133.0 133.0
{ * 'Y
A
17) with left hand grase top roller and with
right hand Rrasp lover roller
| | |
1 |
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HELEER OPLRATOR TelAL
LEFT HASL RIGHT HAND EODY TOTAL LEFY AR RIGHT HAKD BOLY TULAL
1 2 3 4 5 6 y
Syesul,  TIME SYMBOL  TIME SYMBOL TIME Crenter SYMEGL  TIME SYMEOL  TIME SYMBUL TIME Greater Greater of
times at times ut | 4 B at
"UsDh MU *UsD MU *UsDh ™U CELPPL *USh ™U *UsD ™Y *ust TMU oe TEET WU [ e
“RINA+aRAA R24A 4.9 *nD2 3z2.0
21.3
Gl1A 2.0| G1A 2.0
Total 25.3 16.9 32.0 32.0
* hd 381.7 363.7
» 3 (]
16} Let %o of comh fast as operator starts 18) Roll hoth top and hottom rollers towards
to raoll the cloth: vourself 'i.e. inwardn to taks up nlack
in cloth
RL2 0.0] RL2 0.0
TANI, 12.3| T6OL 12.3
AP 16,2| AP 16.2
Total 28,5 2.5 28.5
* * .
17) Pull down centre bench and right 19) Roll eloth on both rollers in the in-
hand side bench ward direction till the cloth is hand
eighe:
RIOE 21.7| R30E 22.7
R12A 9,61 R12A 9.6 RLL 2.0] RL1 2.0
G1A -2.0] RlA 2.0 | REA 1.0 RAA 7.0
MIDAL17.5 18,8 M10A17.5 18.8] *BD2 32.0 G1A 2.0 G1A 2.0
Total 53.1 53.1 2.0 53.1 THNL 12.3| TAOL 12.3
bl * AP1 16.2( AP1 16.2
RL1 2.0| RL1 2.0
RL1 2.0/ RL1 .0 Total 41.5 41.5 41,5
R14E 13.0| RI4E 13.0( *BD2 J2.0 * *
Total 15.0 15.0 32.0 32.0 '
" * RINE+REE 30.9| R24E .  19.2| #BD2 32.0] 32.0
* "
| | #spM-Tv-06 110.0|  110.0
w * 20) The cloth 13 now hand tight. WNow tiphten
it by tommy har to see if the cloth is
R12A 9.6| R12A 9.6 tacked onto all of the bottom comb sat-
GlA 2,0| GlA 2.0 isfactorilv: )
MI0AL7.5 18,8 M10A17.5 18.8
Total 30.4 0.4 0.4 R16R 15.8] R20A 13.1
* * G1A 2.0| 61c1 7.8
M22B7.5 19.4
RL1 2.0 RL1 2.0 P25D 21.8| P2sp 21.8
R14F 13.0] RI4E 13,0} #*Bp2 .n M12427.5 25.6 | M12A27.5 25.6
Total 15.0 15.0 32.0 32.0 D2D 11.8| n2n 11.8
* * Total 151.9 171.3 171.3
» *
| ] *PEM-TW-02  50.0 50.0
* LA % M16Bm7.,5 5.8] M1APm7.5 15.8| TBC2 37.2
*RAM-VD-N2 70.0
18) Make sore that cloth is tacked to entire.’ #RBM-TW-N6 110.0
length of comb satisfactorily *BRM-TW~06 110.0
*RBM-VD-N2 70.0
*BEM-TW-D6 110.0 Total 15.8 15.8 397.2 397.2
*BEM-TW~06 11D.0 * *
Total 220.0 220.0
* * 21) Release top roller:
M24R7,5 25.5| M24R7.5 25.5
5 P25D 71,8 P2SD 21.8
M3/4B27.5 M3/4B27.5
11.7 11.7
RL1 2.0
RBA 7.9
GlA 2.0
HIA 3.6
RL1 2.0
REA 1.0
GlA 2,0
AP1 16.2
Total 101.7 59.0 101.7
* *®
n2n 11.8
M16AT.5 19,2
RL1 2.0
Total 33.n 33.n
21) Make sure that roller rolla smeathly * *
on the centre apoon on centrtu pole -
as operator ia rolling cath ongo JRIZA 14,0} »Fy, 13.0
bottom roller Gla 2.0} &an2 32.0
Total 16,0 45,0 45.0
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HELVER s ' OPERANTOR Terkal,
LLET HAND 1 KICHT HAND 3 BOLY 1 TOTAL J g o R HAND g BOLY 4 TUTAL 5 5
SYMLLL O TIME | SYMBOL TIME { SYMBOL TIME Groates UOv[ME SYMEOL  TIME | SYMEOL  TIME Greater Greater of
times wut times at 44 8 Lt
*usD ™ 50 ™U “UD ™Y metee®oul  AUSD TMU *Ush T™U *UsD ‘™U ER A --E--'--‘--
*RAM-TW-06 110,0 - * -
HERM-UD-D2 TN
Total 180.0 1an.n 22) Unroll cloth from the top voller and roll
* " it onto the battam roller! (Strokes are
required to rerform this function)
530S 25.0 *Gins zs.nl L]0 13.0 5.n
« * AxM4B27.5
6x02 33.6 8.0
2xMIBma7. 5 InMBBmAT.S 6xAP2 63.6| HxAPL 97.2
52,8 42,8 AxRL1 12.0
2xAP1 A2.4| 2xAP1 2.4 SxR4A 30.5
2RL2 0.0 2xRL2 n.0 SxG1A 1n.0
Totsl 75.2 75.2 75.2 Total 97.2 257.1 | 251.7
* " * *
23) Flip catch onto the rarmet of top roller
R20OE 16.7 | *BD2 32,0
*PL 13.0
Total 16.7 45.0 45.0
'3 *
PINA 17.5
G1A 2.0
LETEYS 2.0
RL2 a.0
24) Raise upper comb to marked level and make
sure the inailde tooth of the catch is i
" engaged:
G2 5.6 | RAA 7.0
GlA 2.0
M4C27.5 19.3 | M4c27.5 19.3
RL1 2.0 RLY 2.0
RIOE 22,7 | RINE 22,7 | *FL 13.0
Total 49.6 74.5 13.0 74.5
77.7 1198.9 1198,9
* *
* * * 977.87
24) Asgist onerator in tightenine of coth. 25) Tighten cloth to required tension with
This figure taken from the Mim analvsis the use of nrv har and the extension
film direcelvl. rube: This figure has been taken from
Mim, Analvsis film directlyl.'
25) Tack cloth onto side comb
26) Tack cloth onto side comb and test to
see If tension of the cloth is satia~
factory. This figure is taken directly
from the Mkm £ilm analysisl,
‘ - 42,60
* * * L40L8.7
26) In exactlv the same way ga spaning 27) In exactlvy the same manner as spanning
the top cloth, go ahead and span the the top sean go ahead and apan the
bottom Snan to required tension bottom span tn reauired tension
* » 14018.0
»
G Total 28077.4

1,

Table. 2,3 Item 14
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Table C3 Synthesis of "Stiffener spanning operation' by MTM and USD

Operation Name: Stiffener spanning operation

Symbol used in Flowchart (Figure Al) to represent operation:

Contents of operation:

OEerator:

1) Mount a fresh length of backing (stiffener) onto the top
bank of the machine, glued side facing waxed side of goods.
Backing need.only be tacked intermittently on top comb, and
on the whole length of the side combs.

2) Mount a fresh length of backing (stiffener) onto the
bottom bank of the machine, glued side facing waxed side
of goods. Backing need only be tacked intermittently on
top comb and on the whole length of the side combs.

Helper:
Assist operator in mounting of fresh spans of backing

Purpose of operation:

To mount fresh span of backing onto the machine in order to process
the next batch of emblems. Backing is required to stiffen the emblems
stitched on that span of goods.

QOperation starts:

Operator and helper at machine stand

Operation ends:

Operator and helper at machine stand
Sketch:
Figure 2.1

Synthetic cycle time: ' 3.72 minutes.
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HELPER MERA
GPERATUR TUIAL
LEIFT 1iti 1 RICHT HAMD 2 Loy 1 TUTAL 4 LLIT LiAsD 5 RIGHT HAND 6 oy g | TUTAL 4 9
SYNEOL N SYHBOL TIME SYMBOL TINE Grenter SYMEOL  TTHE SYMBOL  TIME SYMuoL TIME Greater tUreater of
p— . ” . times at times ut | 4 0 4 at
Uiy TMy *ULL TMU *usb ™U cataaw__ MUSD ™U "Usp MU “USD ™U B ke E__
1) fiat backing from machine stand: 1) Cltmh un to receive hacking from halner:
*G25D 42.0] sa25D 42.0] =Bn2 3z2.0 &2.n PRAM-TW-N2 50.0
» * *RBM_YD-NZ  70.0
Total 120.n 120.0
M128m 10.0| M120m 10.19§ *an2 3z2.n L] *
TRC2 7.2
ARRM-TW=-N2x1.5
15.0
"BEM-VD«N2
1N5.n
1 (1.5 Bylky load)
Total i 249.2 244,2
" 2
2) Flip the backing around to get the plued
side to face the waxed aide of cloth:
RL1 2,0| M6B 8.9
*GEE 20,0| RL1 2.0 i
G2 5.6| RAB 8.6
M12B 13.4( Glca 1.3
Total 41.0 26.8 41.0
» * 332.2 120.0 332.2
* * *
31} Hand end of backing to onerator
M1NA 11.3 R10A 8.7
G3 5.6 G3 5.6
Tatal 16.9 16.9 Total 16.9 16.9 16.9
* [ &
2) Drag the backing along the length of the
machine alane the top bank; behind the
three noles and two foundntion pillars:
M10A 11.3]| RIONA 8.7
APl 16,2
G3 5.6( GlA 2.0
Total 33.1 10.7 3.1
* *
20-18" strokes are reaquired ro drag backins
to the automat end:
; 20xM18B 3600 | A20xBD2 640D
i 20%AP1  3Z4.0
Total 664.0 640.0 ER4.N
Y *
Allowance for crossing 3 noles:
3xPL1 6.0
*IxG85  36.0
IxHER 26.7
Total 68.7 68.7
* *
I IxRLL 6.0
| *3xGAS 6.0
Total 2.0 42.0
* *
| Allowance for crosaing 2 foundation pillars
i 2xRL) 4,8
: #250205 38,0
1 2xM&R 17.8
s Tatal 59.8 59.8
[ *
2xRL1 4.0
®3G208  IR,.N
Total 42.0 42,0
- "
3) Porition backing on top sagmant tight hand
sida comh:
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LELVER X DPLERATUR TOTAL
Ry i ¢ I " e TOTAL
LT TTARD 1 RIGIHT HANLD 2 rany 3 TOTAL 4 LEFT HAND q RICHT HAND 6 Loby 7 1GTAL 8 5
SYHEOL  TIME SYMENL  TIME SYMENL TIME Greuter SYMUOL TIME: SYMEGUL  TIME SYMEGL TIML Greater Greater of
times at times at | 4 G H ut
“Usp ™Y *usp ™U 5D MU eteataal WUSD MU "usg THU “usD ™MU e Faa®an | e,
8) Raine leftr hand mide bench . B) Raisa right hand afde banch
*RRM-TW-02 50,0 50.n i [tann—rw-nz 5n.0 50.0
* * * "
R1&A 10.51 R14A 10.5’ #ABD2 2.0 32.0 R14A ln.5| RIAA 10,5 | *aD2 32.0 3z.0
L) * » *
GlA 2.0] GlA 2.0 GI1A 2.0 G1A 2.0
MYLALO 35.1] M14A40 35.0 M14A40 35.0] M14p4N 35.0
RL1 2,0 RL1 2.0 | 4302 32.0 RL1 2.0 RLL 2.0 | *RD2 j2.n
RINE 12,5 RINE 10,5 RINE 10.5| RIOE 10,5
Total 49.5 49.5 32,0 49,5 Total 49,5 49.5 32.0 49.5
* » ® -
9) Walk to machine srand: 9) Rafise the centre hench and walk to Far end:
[ *ERM-TW=-04 B80.0 80.0 ‘*BBM—TE’-DS 110,60 110,0
L] ® a *
10) Get backing from machine stand: R1&A 10,50 R14A 10.5 ]iHDI 32.0| 32.0
Identical to type col. mo. 1 * *
42.9 GlA 2.0| GlA 2,0
249.2 M14AG0 35.0| ML4A4D 35.9
. * RL1 2.0| RL1 2.0 | *8D2 32.0
RI1OE 1n.5] RINE 10,5
11) Plip the backing around to get the glued side Total 49.5 49.5 32.0 49.5
to face the waxed aide of the cloth: iden- * *
tical to helper col. no, 2:
| 41,0 ‘
* * 543.7 323.0 5431.7
) . *
12) Hand end of backing to operator:
H10A 11.3 R1NA 8,7
G3 5.6 LX) 5.6
Total 16.9 16.9 " 14.3 14.3 16.9
* * *
[
10) Drap the backing along the length of the
machine along the hottom bank: behind
the three poles, two foundation pillars !
and nine shucttle rail driving shafts. I
Identical to this col. no. 2 except
for allowance for nine shuttle driving
shafts.
3.1
664.0
63.7
42.0
59.8
. 42.n
* *
Allowance for crossing 9 shuttle drivingshafta:
9xRL1 14.0
. £9x085  108.0
] 9xM6B an.1
Total 06.1 06,1
| » *
b
9xRL1 18,0
*aIxGRS  1N8.0
Total 128.0
4 *
11) Pollow through this eol. no. 3 thru ne. §
39.2
27.0
2064
f izn.n
1R A
140,07
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l BIELPER OFERATOR TUTAL
LEFT BAND | | RIGHT MASD BODY s | 1oAL LEFT AU o RIGHT HAND | EOLY 4| TOIAL 5
SYNBOL  TINE | SYMIOL TIME | SYMLOL  TIME | Creater SYMBUL TIME | SYMeol TIME| SYMUOL  TIME | Greater | Crester of
times at thnes at 4 4 & az
*Uih TMU | *UsD MU | =usD ™U ceteseoo | osusD MU | sUSD TMU | *USD ™Y SN R L A
121.9
' 22.7
£ [ ]
i 12) Pull down right hand sids bench
! *PEM-TU-02 30.0 50.4
5 L 3 L ]
l R12A 9.6 [ R12A 9.6
| GlA 2.0 a1 2.0
‘ MINALT.S 18.8 | MI0OAL7.5 18.8 | *AD2 32.0
‘ Total 30,4 30,4 32.n 32.0
| * -
i RL1 2.0 rL1 2.0
| RI4E  13.0 | RI4E 13,0 | %BD2 32.0
1 ; Toral  15.0 15.0 32.0 32.0
! * "
J 13) Go to automat and lower the frame to the
) starting point:
|‘ I l ABRM-TW-0B 140.0 140.0
. ®
i R1&A 10.5| R12a 9.6] *BD2 32.0 32,0
i [ ]
: | g
i h GlA 2.0| 1A 2.0
i i HPAC-LY~
! | 04 20.0
: ‘ Total 2.0 22.0 22.0
' I * "
: 1 RLCS(LE"
! ! ~101bs.) 73.0 73.0
; * *
- !
! AFAC-LV-
i n4 20.0
} RL1 2.0] RL1 2,
| Total 2.0 22,0 22.0
i * L
]
‘ mee 10| mae 118 w2 32.0 32.0
* *
| ltua—w-oa 80.0 0.0
n *
| I 2526.5 2526.5
& ] *
€. Total  6201.1
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Table C4 Synthesis of "Loading operation (::) and (::) " by MIM and USD

Operation Name: Loading operation O and @
Symbols used in Flowchart (Figure Al) to represent operations:

Contents of operation:

OEerator:

1) Bring the loaded carton of spools from the storage area

2) Load the spools onto the machine on the 8/4 repeat
(340 spools in number-170 spools on the top bank and 170 spoecls
on the bottom bank) making sure that all spools are loaded in
the right direction; that is, thread going up from the right
hand side.

3) Carry the empty or near empty carton to the racks for storage

Helper:
Assist the operator in.loading the spools.

Purpose of operation:

This operation is necessary when a new color has to be stitched on
an emblem. The operation takes place entirely on the font of the
machine, on the top and bottom banks.

Operation starts:

Operator and helper in rack storage area.

Operation ends:

Operator and helper in rack storage area
Sketch:
Figure 2.3

Loading operation (::) involves loading of the top row of spools
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(340 spools) on both banks ((a) and (c) in Figure 2.3)

Loading operation @ involves loading of the bottom row of
spools (340 spools) on both banks ((b) and (d) in Figure 2.3)
Loading operation (::) and Loading operation (::) are

exactly the same except for a physical disposition difference.
They will be treated as being the same for analysis purposes.

For analysis purposes, it is assumed that there are 18 spools

per yard length, Also, it is assumed that the average top bank
to center of carton distance is 36", and the average bottom bank
to center of carton distance is 30",

The operation proceeds as follows:

The operator works on one side of the carton and the helper on
the other side. Each loads 4 spools on the top bank and then

6 spools on the bottom bank and then the carton is dragged by

the operator along the bench. No more than 5 loading cycles are
required for the top bank per yard length and no more than 3
loading cycles are required for the bottom bank per yard length.
Each loading cycle of the bottom bank is followed by the dragging
of the carton along the bench. Also, the operator is required to
carry the carton 4 times along the bench in the process of loading
the 10 yard length of the machine.

Synthetic cycle time: 5,71 minutes
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1ELPER

OPERATGR

TUTAL

LEFT 1HAND 1 RICHT HAND 2 BODY 3 TUTAL 4 LEFT 1IAND £ RIGHT EHAND 6 sony TUTAL o
9
b 5% F
SYMinlL  TIME ; iME ; IME 2 : .
YNROL O TIME SYMUGL  TIME SYMUOL TIME f;‘:::urt SYMBOL TIME SYMIOL  TIME SYMBOL TIML Greatuer Greater of
(&} u - "
*UsSD TMUY s ™U *Usp ™U [ P sy ™U *UsSD THU *usSh ™U “I:ff-u 4.& ? d:
1) Wait at hench: 1)} Cat carten of the colar to be loaded
| and carrv it to the bench
*RBH-TW-06 110.0 11n.0
" " f “SxBDZ 160.0 160.0
* *
reoa 13l R2oa 131 eam2 z.0 32.0
* L
Ch 7.3| GiA 1.3
MBB32.5 24.8| MBR31.5 24.5
{ 62 S.6{ G2 5.6
! MAB3I2.5 24.8| MABR3I2.5 24.5 i
i 62 5.6 62 5.6| ssCL(15") 18.6 |
Total A1 hh, 1 ff.1 |
! * * |
: !
2) Take the loaded carton over to the bench
#RBM-TH-06x15
165.n
i (1.5 Bulky load) 165.0
| * *
|
: 1) Place the box on the hench and uncover the
flans:
P2SD 21.8( P25D° 21.8
RLZ f,9] RL2 n.n
RARA 7.9| RBA 7.9
65 0.0| 65 0.0l | .
MBR32.5 24.B| MBBRI2.5 4.8
_ RLZ 0.0| RL2 0,0
Total 54.5 54.5 54.5
* *
*G185 19.n| *G1BS 19.nl TBC1 18,6 19.0
% "
| masm 21.8] 21.8
* *
M258 2n.8l I | 21.%
* #
RL1 2.0] Rt 2.n] ssc1(15") 18.6[ 18.6
110.0 * * 558.8 $5R8.8
) *
2) Uncover flaps of carton
#0185  19.0f *G185  19.0| TBCL 18.6 19.0
® *
i M258 21.8[ 21.8
* *
wse  21.8| | 21.8
* *
RLL 2.0/ RLL 20| SSC1(1S™)  18.6 18.6
* * B1.2 A1.2
s i * *
%® Start to load spools svstematically as 4) Start to load the moools onto the machine
specified, as soon as operator pets started: svstematically am sracified:
Work here should be in unison with operator 1 loadinn cvcle:
activitv, Walt.
l 1 RAC 11.5} R3C 11.5 11.5
57.6 * *
* ®
For top bank - 5 loading cveles are recuired
| ree 1n.s| rac 11.5 11.5 | for vd.
® R
SxRIC 57.% | SxRIC 57.1 i
5xG101 .5 AICT 6.5 H
S{RINR+mRAN) S{RINH+mRAR)
Total 157.% 157.% 51,0,
] "
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o . UPLIATOR OrAL
LLET HAND RICHT HARD kony TO nE b1y :
1 2 TOTAL 4 LEIT HAND 5 RIGHT JIAND 6 BODY 7 FOTAL " i
ML : s : - — ] e S—— -
SYMLOL  TIME SYMBOL  TIME SYHBOL TIME (tlfuur.et SYMUQL TIME SYMBOL TIME SYMBOL TIME Groater tirznter of
*(USD T™U *UsD ™U “ULh T™U --J:“.'f-ilf *USD  TMU *USD ™U *USD ™U ool Rt S
“5uM5C 460
SxP15D 5R.0
SxMIA 24.5
SxRL1 1n.n
5xM5C 46,9
SxP1SE 28.Nn
5xMIA 24.%
Total 235.N0 235.0
3 *
5aM5C 46,0
5aP1SD 56,0
SuMIA 24.5
5xR1.] hh.0
5xP1SE 26.0
5xM3A 24.5
: Total 224.0 224.0
* *
(RINB+mRAD) (RINB+mRAEB}
31.5 31.5 31.5
* .
For the hottom bank. 3 loading cycles are re-
quired ner vard in each 1, the carton is to
be drageed alone the bench
3xRE8C 34.4] 3xRRC 34.4
3xG1Ccl  21.9
IxG3 16.8| IxG3 16.8
Total 51.2 73.1 73.1
Ll *
IxR3C 28.2
IxG1CL 21.9
IxMIA 14.7| 3xM3A 14.7
Total 14.7 f4.8 64.8
* *
xRING  77.4 3xRINB 774 71.4
* *
IxP15D 33.6 | xP1SD 3.6
3IxM3B 17.1] 3aMIR 17.1
IxRL1 £.7] IxRLL 6.0
IxMaC 24,0 3xMALC 24.0
IxP1SD  33.6 | IxPISD 33.6
IxH3IR 17.1| 3xM3n 17.1
3IxRLL .0 | 3xRL1 €.0
Total 137.4 137.4 137.4
L *
AxMaB 20,7 ¢ 3xMiC 24,0
IxP1SD 33.6
3xMIA 14.7
IxRL.Y 6.0
IxMAC 24.0
IxM4B 20.7 | IxP1ISE 16.8
IxMIA 14.7
IxRL1 £.0
Total 41.4 1.8 139.8
L *
Transfer hoth spools to right hand to load:
IxM2A 10,8 | IxR4A 148,13
I3 14,6 | IxRD 18,6
AxMSe 27.6
3IxP1SE 16.8
IxMIA 14,7
IxREL &N
Total 29.4 102,10 1n2.n
* *
IMIA 15.9 [ IxRAA 1%.3
Il 19,6 | 0 18.6
Total 4.8 33.9 18.9
» *
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HELITER

OPERATOR

TUTAL
LFT I RLGIT AN 10T, 7 ' Tl
LLET Didsily o REGUHT HARD o bowy 3 WAL LEFT 1IAND o] RIGHT HAND nowy 7( TUTAL o
SYMBUL  TIME [ SYMBOL  TIME STMEBOL TIME Greater SYMBOL TIME | SYMEOL TIME SYMEOL  TIME Greater Greoter of
) times at timey at 4 4 8 al
UL ™U “usn ™Y “usn ™U EEL AL E *USD ™Y s MU SUSD ™My RIS
-
IxR20B 55.8 | IxM50 27.6
IxP1SE 16.8
Total 55.8 44 .4 Wk .4
» *
IxG1A A0 | AxMIA 15,9 | #IxBN2 96.0
3IxMBB12.5 1xRL1 6.0
15.6
IxRL1 6.0 | IxRLAE  42.A
Total 7.6 64.5 96.0 ak.n
* * 1527.1 1527.1
L 0 «
This convers 2 via. i
Five such loadine cvcles are required to
cover the entire 10 yards,
(5-1)€11,5+251.3 + 235.N + 224.9 + I1.5
+ 73.1 + 64,8 + 77.4 + 137.4 + 139.8 + 102,0 +|38.9
+ 44,4 + BA,0) H
| s1ns.5| Biag 4
%) Move carton 4 times, a yard at a time:
4xR12A 38.4 | 4xR12A 38.4 | *&4xBD2 128.n
4xflA B.0 | 4xG1A 8.n
Total B, 4 46 .4 128.0 128.n |
* [
*4xBBM-TW-N2x1,5
3nn.a ana.n J
(15 Bulky Load) !
'Y *
&xP15D  87.2 | 4xP1SD  B87.2
4xPL1 8.0 | 4xRL1 B.0
4xR16E 56.8 | 4xR1GE 56,8 [ 4xT3C1 74.4
Total 152.0 152.0 74.4 152.0
; # * 5AN .0 58010
& * *
6) Cover flana of the unloaded carton:
*G18S 19.0 { *G185 19.0 | TRC1 18.6 i
M25R 21.8
Total 19.n0 &n.8 18.6 40,8
* * ! i
M25B 21.8 '
RL1 2.0 | RLY 2.0 |
Total 23.8 2.0 23.8 !
* * [ 64,6 l
* * * ’
5) Cover [laps
*G18S 19.0| *Gl145 19.0| TBC1 18.5
M25B 21.8 1
Total 12.0 4n.s 18.6 40.8
b x
M25B 21.8
RL1 2.0 RLL 2.0
Total - 23.8 2.0 23.8
* * b4.6 64.6
* ® &
7} Pick unloaded carton and carry it to the
rack area:
RIGA  L1.4 [RIGA  11.4 |
Gia 2,0 | G1A 2.0
MRR7.5 15.7 | MBR7.5 15.7
G2 5.6 | G2 5.6
Total 4.7 34,7 14,7
* "
*RAM-TH-1x1,5
(25') 25%.0 .
ARANM-WN-10x1.5
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; OPERATUR INIAL
Bony 1GTAL 4 LEFT HALD 5 E1GHT 1IAND 6 Loy 7 TOTAL 8 9
STYMBOL Grouater SYMBOL 11Mz SYMBOL  TIME SYMEOL TIML Greater Greater of
times at times at 4 § 8 at
LT *ushD MU *LSD ™U *Usdh T™U LR mefertaofay
’ {15") 135,0
Total 390.0 190.0
L] L[]
l | #nn2 12,0 2.0
* »
B) Locare carton in rack and leave in atorspe
P25SD 21.8| P25D 21.8 | *BD2 3z.n
PL1 2.0
RLSE 14,2
Total 21,8 38.0 3z.0n 38.0
# »
M15A12.5 21.6] | 21.6
* »
RL2 2.n
RI2NE 16,7 | RINE 10.5
Total 16.7 10.5 16.7
* » 533.1 533.1
% 0
. Total 9517.8
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Table C5 Synthesis of "Loading operation @ and @ " by MIM and USD

Operation Name: Loading operation @ and @

Symbol used in Flowchart (Figure Al) to represent operations: @

Contents of operation:

Operator:

1) Bring the loaded carton of spools from the storage area
2) Load the spools onto the machine on the 12/4 repeat
(230 spools in number-115 spools on the top bank and
115 spools on the bottom bank) making sure that all spools
are loaded in the right direction; that is, thread going up
from the right hand side.
3) Carry the empty or near empty carton to the racks for storage.
Assist the operator in loading the spools

Purpose of operation:

This operation is necessary when a new color has to be stitched
on an emblem. The operation takes place entirely on the front of the
machine, on the top and bottom banks.

Operation starts:

Operator and helper have unloaded the last color and are in the
rack storage area

Operation ends:

Operator and helper in rack storage area
Sketch:
Figure 2.4

L.oading operation (::) involves loading of the top row of spools
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(340 spools) on both banks ((a) and (¢) in Figure 2.4). Loading
operation (::) involves loading of the bottom row of spools

(340 spools) on both banks ((b) and (d) in Figure 2.4)

Loading operation @ and Loading operation @ are exactly

the same except for a physical disposition difference. They will
be treated as being the same for analysis purposes. For analysis
purposeé, it is assumed that there are 12 spools per yard length.
Also, it is assumed that the average top bank to center of carton
distance is 36", and the average bottom bank to center of carton
distance is 30".

The operation proceeds as follows:

The operator works on one side of the carton_and the helper on the
other side. Each loads 4 spools on the top bank and then 6 spools
on the bottom bank and then the carton is dragged by the operator
along the bench. No more than 3 loading cycles are required for
the top bank per yard length and no more than 2 loading cycles

are required for the bottom per yard length. Each cycle of loading
the bottom bank is followed by dragging of the carton along the
bench. Also the operator is required to carry the carton 4 times
along the bench in the process of loading the 10 yard length of
the machine.

Synthetic cycle time: 3.61 minutes
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L___ ... . PERMUR LT
b 1 RIGHT 1IAND 2 BOLY 3 TOIAL 4 LEIT HAND 5 RIGHT HAND 6 BUDY 7 TO'IAL o 9
SYMEOL  TIME SYMEOL  TIME SYMEGL TIME Orecuter SYMBOL TIME SYMBOL TIME SYMEQL TIMI Greater Greater of
sgsn 5 ; . ) thmes at times at | 4 6 X ot
™y usn THU uso MU am et *USL MU *USD THU *Usb THU ool N
1) Wait at banch 1) Get carton of the color to ba loaded and
I carry it to the bench
ARBM-TH-06 110,0 11n.0
2 » , *3xAD2 160.0 160.0
L]
R20A  13.1] R20a 13,1 smn2 32.0 12,0
L] L]
GhA 7.3] G&A 7.3
MBR32.5 24,8 MARI2.5 24,8
a2 5.6 02 5.5
MRBI2.5 24,B| M8R3Z2.5 24.8
G2 5.6| Cc2 5.6 [ S5C1(15") 18,6
Total 66.1 66,1 18,6 66.1
L] ]
2) Take the loaded cartoon over to the bench
*BBM=-TW-06x1.5
165.0 165.0
(x Bulky load)
* ® g
1) Place the box on the bench and uncover the
Elapsa.
P25D 21.8] p2sp 21.8
RL2 0.0 RL2 0.0
R8A 7.9 | R8A 7.9
G5 0.n| G5 n.n
M8B32.5 24.8| M8BI2.5 25.8
RL2 0.0 | RL2 0,0
| Total 54,5 54.5 54.5
» *
sctas  19.0| sc1ss  19.0[ TRCL 18.6 19.0
® *
| H2sB 21.8] 21.8
X *
masE  21.8| | 2.8
# * !
!
RL1 2.0| RLY 2.0 ssc1(1s")  18.6 18.6 |
#* * 558.8 558,8 !
P N J |
2) Uncover flaps of carton
sc13s  19.0f sc1ss  19.0] TCL 18.6 19.0 |
® " |
i
| m2se  21.8] 21,3
* *
RLL 2.0] m1 2.0] ssc1(1s™) 1.6 1.6
. w * 81.2 1.2
" * *
1) Follow operator activity and in unison 4) start to load the spools onto the machine
with operator svstematically as apecified
1 loading cvcla |
R8C 11,5 | RAC 11.5 11,5 .
" L |
For top bank = 3 loading cycles are required
per yd.
IxR3C 35.0 | 2xRIC 35.0
IxG1C1 21.9 | 3xGiICL 21.9
3(RINM4nRAR) | I(RIOR4mRER)
94,5 24,5
Total 151.4 151.4 151.4
* *
IxM5C 21.6
P18 34,6
* JuMIA 14,7




HLLILR (PERATOR TUTAL
LETT HARD 1 RICHT 11a8D 2 e 3 TOLAL 4 LLFT HAND 5 RLCHT HAakb 6 Bopy 7 TulAL 0
SYMBOL  TIME SYHBGL  CTIME SYMBOL TIME Greater SYMEOL  TIML SYMIOL TIME SYMBOL  TIME freuter treater of
times at tives at | 4 L oo oat !
*UsD TMU *usn ™U *Usp THU efaata. *Ush TMU *Usb ™U “ush MU mmteelan P Ceeteaten
IxRLY 6.0 E
MG 27.6 P
IxPISE  1A.8 !
IxMIA 14.7 )
i Total 142.0 142.0
E [ ] [ ]
1
! IMSC 27,6
| 3xP1SD 34,6
3xM3IA 14.7
IxRLL 6.0 i
IxMSC 27.6
IxP1SE  14.B
IxM3A 14.7
| Total 142.0 142.0
t L *
I (RIOB+mR6H) {R3I0OB4mRER)
‘; s Ls 3.5
i * &
i For the bottom bank - 2 loading cycles ara
i required per yard in each the carton is to
| ! be dragged along the bench:
|
; i 2xR&C 23,0 | 2xR8C 21.0
: 2xC1Cl  14.6
| A 2x63 11.2 | 2xG3 11,2
1 ! Total 4.2 48.8 48.8
! ‘ * *
: }
! 2RIC 23,0
¢ 2xG1C1  14.6 % t
} i IxMIA 9.8 | xMIA 9.8
‘F | Total 9.8 | 47.4 47,4
‘ | ® *
; i
| : 2xR3NB 51.6 | 2xR30R 57.6 51.6
L
e |
| | 2xP15D 22,41 2xP1SD  22.4
' 2xM3B 11.4 | 2xM3B 11.4
’ i 2xRL1 4.0 | 2xRL1 4.0
1 ; 2KMEC  16.0 [ 2xM4C 16,0
' ‘ 2xP1SD  22.4 | 2xPISD 22,4
; \ 2xMIB 11,4 | 2xM3IB 11.4
% | 2xRL1 4,0 2xRL1 2.0
; | Total 91,6 91.6 91.6
: | * *
I 1 Tranafer both spools to right hand to load
l | 2xM2A 7.2 | 2xR4A 12,2
| | 263 11.2 | 2xG3 11.2
| | 2xMSC 18.4
! ! IxPISE 11,2
! 4 200A 9.8 ;
i | 2xRL1 4.0 |
‘ | Total 18.4 66.8 66.8 |
! | * *
| | 2xR208 36,4 | 2xMSC 1804
| 2xPISE  11.2
| Total  36.4 29,6
*® *
' 2xGlA 4.0 | 2xMIA 10.6| #2xBD2 64.0
IxM8B12,5 2xRL1 4,0
10.4
2xRLL 4.0 | 2xRLEE 28.4
Total 18.4 1.0 4.0
" * 827.6 827.6
w [
This covers 2 vards
Five such loading cycles ars required to cover
the entire 10 vards
(5-1)(827.6)
3309, 4 1100 .6 ‘
[ ] L]
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HELPER OPERATOR
— PP S T e ol R S R
LEFT HAND 1 RICHT HAND 2 BODY 3 T0OTAL 4 LEFT HAND s PIGHT HAND 6 BOLY TIEAL
A% R ot T oyt I s, LA S S Sal e - - S —— | [ SO, S "
LYMBOL TIME SYMIOL  TIME SYM:OL TIME Creator SYMEGL  TIMLE SYSiIL  TIME SYMBOL TIME Gieatrr
. . tlmes at taavs nt
*ush MU *sn ™Y *USD T™U B *Ush ™u *UsD ™U “UsD T™U b
5) Movae carton & times a yard at a time
4xR12A I8.4 | 4xP12A IB.4 [ *4xBD2 128.0
4xfilA B.N | 4xGlA 8.0
Total 46.4 46.4 128.0 124,0
L] L]
*4xBBM-TW-N2
100.0 300.0
1.5 Rulky load
#* »
4xP15D 87.2 | 4xP1SD a87.2
4xRLL 8.0 | 4xRL1 8.0
4xR16E 56.8 | 4xR16E 56,8 | 4xTBCL T4.4
Total 152.0 152.0 T4.4 152.0
. * IR89.6
* [y *
6) Cover flaps of the loader carton
*G18S 19.0 | *G18S 19.0 | TBC1 18.6
MZ58 21.8
Total 19.0 4n.8 18.6 40.8
£l ®
M25B 21.8
RL1 2.0 | RLL 2.0
Total 23.8 2.0 23.8
* & 64.6
L * *
5) Cover flpas
*G1BS 19.0| *G18S 19.0 | TBC1 1B.6
M258 21.8
L Tore 19.0 40,8 18.6 40.8
; * »
M25B 21.%
RL1 2.0| RL1 2.0
Total 23.8 2.0 23.8
* * 4.6
w5 * *
7) Pick up unloaded carton and carry it ot the
rack area:
RLGA 11.4 | R16A 11.4
ClA 2.0 | GlA 2.0
M887,5 15.7 | M8B7.5 15.7
G2 5.6 |62 5.6
Total 34,7 34.7 34,7
Ll *
#RRM-TW-10x1,5
(25") 255.0
*BBM-WD-10x1,5
(15"} 135.0
Total 3jm.o 39n.0
» *
*8D2 32.0 32.0
* »
8) Locate carton in rack and leave in storage
P2SD 21.8B § P25D 21.8 | *¥p2 32.0
RL1 2.0
R1SE 14.2
} Total  21.8 38.0 32.0 38.2
. *
MI15A12.5 21.6 | | 21.0
[ L
RL2 f.n
R20E 16.7 | RINE 10.5
Total 16.7 In.s 16.7
L] L 512.4
» » ‘ 5
fi. Total

S A—— |

EIERIR

T
"
tirvater of

4 LBt

3889.6

64.6

64,6

332.4

A8 A



142

Table C6 Synthesis of "Threading operation (::) " by MTM and USD

Operation Name: Threading operation q;:)

Symbol used in Flowchart (Figure Al) to represent operation:

Contents of cperation:

1) Twist threads on top bank in a prespecified manner (See Figure
2.5) on the 8/4 repeat (170 spools) taking care to pass the
threads through guideholes at bearing joints. Then pull these
threads through the needle eyes. The twisting operation should
proceed from left to right and the threading operation from
right to left.

Helper:

1) Twist threads on bottom bank in a prespecified manner (See Figure
2.5) on the 8/4 repeat (170 spools) taking care to pass the
threads through the guideholeg at the bearing joints and
foundation pillars. Then pull these threads through the ieedle
eyes. The twisting operation should proceed from left to right
and the threading operation from right to left. This operation
is performed entirely on the front side of the machine.

Purpose of operation:

After a color has been stitched and the next color of the yarn
loaded onto the machine each thread has to be twisted around the emery
roller (to avoid slippage) and under the small brass rod and over the
big brass rod (to provide the tension while the stitch is being formed);
then the thread is passe& through the needle eye, entering from the

left hand side. See Figure 2.5.
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There are 9 rollers in a 10 yard machine and it is required that
the first two threads on either side of the bearing joints be
passed through the guidehole, which gives 36 guided threads on

the top bank. 1In addition, on the bottom bank one thread on either
side of the foundation pillar is to guided, which gives 40 guided
threads on the bottom bank.

Operation starts:

Operator and helper in the rack area after having loaded the machine.

Operation ends:

Operation and helper at automat end and at the front side of the
machine

Synthetic cycle time: 22.36 minutes
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HLLPER

OPERATOR TUTAL
LEFT HA 1 RICICT JIASD : ROLY 3 TOTAL LLEFT HAND 5 RIGHT HANEG & BOY TOLAL
: Y
SYMAOL  TIME | SYMROL  FIME | SYMEIL TImMp f:::;url SYMBOL  TIME | SYMBOL TIME | SYMBOL TIME Greater fircater of
WSD TN | US TWU [ sk MU | ceoens | eusp mer | swsp ot | eusu wau | e At | LR
1) Walk to hack of the machine, get 1} Walk to sutomat end and get picker
picker and come to the machine front from aveon.
and middle
I SRAM-TH-10 170.0
SEEV-TW-10 170.0 L170.0 SRAM-WN-10
* L] {1s') 90.0
Total 6.0 260.0
*G15D it.n » L)
*PLiB 19,0
Totsl 56.0 56.0 *C15D 37.n
2 . #*P158 19.0
Total 56.0 56.0
@REM-TW-10 170.0 ol *
wpgw-VD-10
(15°) 50.0 R20E lﬁ.Tl R2NE 16.7 | *BRM-VD-02 70.0 70.0
Total 260.0 260.0 - *
* L3
) 2) Start to twist the threadg on the top bank:
1) Produced to twist from the middle gong from 1 Unguided twisting cvcla t (Starting at the
lefr to right, to avold interference at the point the thread has been grasped and
end, walk back to automat end and proceed ewisting begina):
from left to right to twiat the threads on
the bottom bank. When tvisting is done M6B(8.9)
start from far end to thread. Werking M1/2A 2.0| T18nS{9.4)
towards the automat end: ALl 2.0 9.4
Interference correctiont R12B 12.9
Total 16.9 9.4 16.9
SEEM=-TW=1N 170.0|° : b *
#BRM~-WD-10
(') 60.0 RZA 4.0] PISE 5.6
#BBM-TW-10 170.0 c3 5.6 rL2 0.0
Total 400.0 400.0 M8B in.6| RIB 5.3
* * RL1 2.0 G3 5.6
: Total 22.2 16,5 22.2
Twisting and threading for the bottom bank & b
proceeds exactly as on the top bank except
that there are 4" pgulded twisting cycles and REB .l 10.1
(170-40)=130 unguided cwisting cyeles due to * #
the feoundation pillars: Identical as in
operator col. no. 2: Twisting. G3 5.6 63 5.6
M5Bm 5.0 § RARm 4.3
130(16,9+22.2410.1+20.5+62.6) RL1 2.01 G5 0.n
130x132.13 R3A 7.9 | M7B 9.7
17199.0 17199.0 Total .5 19.6 0.5
" *
& &
40(18.6421.9+26,0+22.2+10, 1+20.5+62.6)
: =40x181.9 P1SE 5.6
| 1216.0 7216.0 | ©3 5.6 |63 5.6
* * M2B 4.6 | RLY 2.0
M1B 2.9 | R2B 5.0
Foundation allowance for crossing 2 pillars: RL2 0.0 | G3 5.6
ni0A 8.7 | MLNA 1.3
[ | s2¢8p2 64.0 64.0 | G3 5.6 €3 5.6
* * MBB 10.6 | REBr 5.7
RL1 2.0 | GS n.o
R4B 6.4 | H/B 2.9
TINS(2,8) G1cl 10.8
R2A{4.0)
e5(n.0) 4.0
GlA 2.0
TINS(2.8)
M1B(2,9)
2.9
ET 1.3
Total 61.6 58.8 62.6
* "
Twiat the (170-136) = 134 threads in the same
manner: :
{152-1) (16.9+22,2410, 1420, 54+62.6)
=134x132.3
17128.2 17128.2
»

1 gpuided cvecle is threaded thust (Startinm by
the noint the thread has heen prasped and
twisting hepina)!
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UFLHATOR

HELPER ; TITAL
MFHMMII MGWNWDZ BOLY 3 TmAL4 wﬂwwms MHWHMDJ booy 1UML8 2
SYMuOL  TIME | SYMBOL TIME | SYMBOL TIME Lreuter SYMIEOL TIME SYMEOL  TIME | SYMEOL  TIME fircater Grewter of
times st times ut | 4 § H ot
*UsD MU *ush ™U *USD ™U ——Featuo *UsD  TMUY sUsSDh ™U *usp TMU s . e P e
H4B 6.9 | RIB 5.3
RL2 n.n| nlA 2.0
R4A 6.1 TINS(5.4)
6 5.6 M1/2B(2.0n)
54
G} 56
Toeal IB.6 18,1 18,6
* "
M3C 6.7] RIB 5.3
P15D 11.2
M1/2B 2.0 .
RL1 2.0 G1A 2.0
Total 21.9 1.3 21.9
[ ] ]
M3B 5.7
(ex ] 5.6 63 5.6
M4B 6.9 | R3A 5.3
RAR 10.1 | M6B{BY)
T1815(9.4)
G5(n.n} 9.4
Total 22.6 " 26.0 26.0
[ ] L
R2A 4.0 Pise 5.6 i
fex) 5.6 RL2 0.0 i
M8B 11.6| RiB 5.1 i
R11 2.0| G3 5.6
Total 22.2 16.5
0 * 22,2 [
|
REB n.1 10.1 . ‘
& +*
G3 5.61 63 5.6
M5Bm 5.0 | R4Bm 4.3
RL1 2.0| 65 .0
RAA 7.9 | M7B 9.7
Total n.5 19.6 0.5
] ®
T1SE 5.6
G3 5.6 63 5.6
M2B 4.6 RLL 2.0
MlB 2,9 R2B 4.0
RL2 n.a| 63 5.6
R1DA 8.7 ¥10A 11.3
| a3 5.6| 63 5.5
! MBE 10.6 | R6Bm 5.7 i
L RLY 2.9 G5 0.0 !
| R4B 6.4 | MLB 2,9 !
! TINS(2.8) G1cl 10.8 ;
| R2A(4.0) i
G5(0.0) 4.0 :
Gl 2,0 ;
TI05(2.8)
W1B(2.9}
.9
EF 1.3
Total £2.6 58.8
* L] 62,6
N Twist the 36 gulded threads in exactly the
aame manner:
- (36=1) (18.6+21,9+26,0422.2+10,14+20, 5+62.6}
=35x181.9
A3RA.5 63665
*

1) Cet nicker from ear-tom and start
threadina the twisted threada through the
needle evea: Proceed from right to lefc
for threading needles:

[k 5.6] 3 5.6
M10R{12.2) Lt L] 12,5
TINS5, 4)

12.2




146

HIELPLR OPLIATUR SUTAL _I
— I e l
LLFI bl 1 RICIE HANLD z LY 3 TOTAL 4 LLFT BANY 5 RIGHT HAND & BOLY 3 1uTAL & 9
SYMEOL  CTIME SYMBUL TEME SYHBOL TIME Greater SYMBUL  TIME SYMBOL  TIME SYMBOL TIMEE Greater Greater ot
times at times ot 4 L d ut !
“U5L MU “uso ™Y *Ush T™U m—beat. ULl T™U *Usp ™Y “usb MU L R S T
" Total 17.8( 24.4 24.4
* ] '
1 threading eyclezz starts with both hand come :
to a stop at the needle eye!
P155D 14.7] pisp 11.2 1
.44 1.3 i
RL1 2.0 | M7Bm 6.5} #FL 13.0
R10OE 1,5
RIB 5.3
# * ET 15.1
GlA 2.0 !
Threading of the bottom bank M10B(12.2) R7B 9.3 | *FL 1.0 !
. T905(5.4)
170x69.1 12.2
~1174.70 Total  69.1 7.0 28.0 69.1
] * E ] =®
Foundation allowance for creasing two pillars: In the same manner thread the remafning 169
threader:
| *2xBD2 64,0 64.0
# * 165x69.1 :
=116717.9 :
1) Replace nicker on ear-top: w i, 1677.9
l *P18B 19.0| 4} Renlace nicker on ear-ton and climb down
® * .
| #pi88  19.0] 19.0
R2OE 15.7' R20E 16.?l * *
* *
R20E 16.7 | R2INE 16.7 | *BBM=VD-02 701.0 70.0 :
| | A7271.5 * * 16655.5 37271.5
® * * R
G. Total 37271.5
1. ‘table 2.3 TItem 2,3,11

2, Table 2.3 Ttem 4
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Table C7 Synthesis of "Threading operation @ " by MIM and USD

Operation Name: Threading operation (::»
Symbol used in Flowchart (Figure Al) to represent operation: «gg)

Contents of operation:

Operator:

1) Twist threads on top bank in a prespecified manner
(See Figure 2.5) on the 12/4 repeat (115 spools). Then pull
these threads through the needle eyes. The twisting oper-
ation should proceed from left to right and the threading
operation from right to left.

Helper:

1) Twist threads on the bottom bank in a prespecified manner
(See Figure 2.5) on the 12/4 repeat (115 spools). Then pull
these threads through the corresponding needle eyes. The
twisting operation should proceed from left to right and the
threading operation from right to left.

This operation is performed entirely on the front side of
the machine.

Purpose of operation:

After a color has been stitched and the next color of the yarn
loaded onto the machine, each thread has to be twisted arcund the
emery roller (to avoid slippage) and under the small brass rod and over
the big brass rod (to provide the tension while the stitch is being
formed)}; then the thread is passed through the needle eye, entering

from the left hand side. See Figure 2.5



There are 9 rollers in a 10 yard machine and since in a 12/4 repeat
the needles are spaced approximately 3" apart, no threads are required
to be guided through the guideholes. This gives 115 threads on the
top bank and 115 threads on the bottom bank.

Operation starts:

Operator and helper are in the rack area after having loaded the
machine

Operation ends:

Operator and helper are at the automat end and at the front side
of the machine

Synthetic cycle time: 14,52 minutes
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HELD i
TUACRT ARy | aont s | pobe 1 ona
] J b ; EGLS 1 HTAL
SYHBOL TIME  PMBOL TIME | WNBOL TIML | Creater
tires at
WUsh ™Y *usn ™ *UsD MU O P .
1) Walk to back of the machine, get
picker and come to machine front
and middlet |
l *ERM-TW=10 170.0 170.0
® "
AC15D 37.0
! *P15B  19.0
i Total 56.0 56.0
1 . .
]
*ABM-TW-10 170.0
*BEM-WD-1N
(15") 90,0
Total 260.0 260,0
® »
2) Proceed to twist from the middle going from
left to right to avoid iInterference: At
the end, walk back teo automat end and
proceed from left to ripght to twist the
threads on the hottom bank, When twisting
is done atart from far end ro thread
working toward the automat end:
Interference cotrectien:
#BBM-TW-10 170.0
*BRM~WD=10
(1a0') 60.0
#BRM-TH-10 170.0
Total [ 400.0 400.0
* Y
: Twisting and threading for the bottem
band proceeds exactly as on the top bank
except that there are foundation pillars
to e¢ross. Operator eol. no. 2
Twisting:
115(16.9422,2+17,1420.5+62.6
115x132.3
15214.5 15214.5
* &
i
| Allowance for crossing 2 foundation nillars
!
| 1 #2812 64.0 64.0
( Y &
Threading:
115x70.4
8996.0
* *
i
Allowance for crossing 2 foundation pillars
| I *2xBD2 64.0 64.0
® *
3) Replace picker on ear top
| wprem 19.n|
* *
R20E 16.7| Rz0E 16.7]
" [ #|

R2NE

.Twist the top bank 115 threads in the same

]3v|1bﬂi£ﬁt
FLET HAD . FIGIET AN i i BuLY
SYMUOL - TINE Trmal TIME SYMBOL TEMI
ULl ™y *Lil ) “Ush 1MU

1)} Wnlk to autemat end and get picker
from apront

*RAM-TW-10 170.0

ARBM-WD-10

{15") 0.0

Total 260.0
* »
*G1RN 31.0
*P15B 19.n
Total 56.0

[ * [l

R20E lﬁ.?l R2E 16.7 | *BEM-VD-02 70.0
* L]

2) Start to tViﬂé the threada on the top
bank: This is done in sn identical
manner to the twisting on the 8/4
setting. See Table CH operator col. mo. 2
1 Unguided twisting cycle:

L] *

manner

{115-1){16.9+22.2+10.1420.5+62.6)
=114%x132.3
| 14968.2
L3 *

2) Get picker from ear-top and start
threading the tuisted threads through rthe
recdle eves: Proceed from Right to left
far threading reedles:

G3 5.6| €3 5.6
M10B(12.2) *(188 19.0
TGOS (5.4)
12.2
Total 17.8 24,6
* *

1 threading cyclez: starts with both handa
coming to a ston at the needle eye:

PISSD  14,7] P1sD 11.2
E7 7.3
RL1 2.0| MIEn 6.5 | *7L 13.0
RI2ZE  11.8
RID 5.3
ET 15.1
G1A 2.0
MIN8(12.2) R9D 11.5 | *PL 13.0
905 (5.4
12.2
Total 0.4 29.2 26.0
*® *

In the same manner thread the remaining 114
apoola

114x70.5
BN25.6
* [

4) Replace nicker on ear-top and climh down:

| sr1se  19.0
L L]

16.7] R2es 6.7 | aRmavne02 700
& L]

iy

I, Tahle 2.Y Lrema 2.3, 1)

Tabhle 7.7 leem Y2

Tl Al

Ureaster
times utg

260.0

56.0

70.0

16.9
22.2
10.1
20.5
62.6

14968.2

24.6

mn.a

8025.6

19.0

70.0
23606, 0

G. Total

oAl

o

tieater ul
4 L8 at
.




150

Table C8 Synthesis of '"'Checking operation-1" by MIM and USD

Operation Name: Checking operation-1 -- Inspection

Symbol used in Flowchart (Figure Al) to represent operation: [ém}

Contents of operation:

Operator:

1) Inspect the threaded machine to see that all the threads are
alligned correctly and all the lead ends go through the needle
eyes; if not, the defective threads must be corrected.

2} Put on apron

Helperx:
1) Go to the back of the machine and lock it
2) Put on apron

Purpose of operation:

After the threading operation is over the spocls are checked to
see if they are correctly threaded. Wrong threading may result in the
corresponding emblems being defective. Also, the machine may be damaged
if started in the open position.

Operation starts:

Operator and helper at the automat end of the machine on the front
side.

Operation ends:

Helper at the center of the machine on the back side. Operator
at the automat end of the machine on the front side.

Synthetic cycle time: 1.90 minutes.
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HLLPER GELRATOGR TULAL
LEFT HASD 1 RIGHT HAND : BuLY 3 TUIAL LEFT 1ALD c RIGHE HAKD 6 BODY T TOTAL
—— 7 lJ
P SISTER > T == o _— e TN S, .2
SYMUOL O TIME | SYMEOL  TIWE SYMEOL TIME (J:rentc‘r SYMBOL  TIME SYNEOL TIME SYMIOL LI Greater Greater ol
times X
SUSD UMY | eUSD MU | ewsD ™| ceeemens | s { susp T | susy VTR Bt ISR
1} Go to back of the machine, I 1) Stde=yten nlune the top bank and check 1
. threada: 30 nile=-atepa should be ra- "
AEEM=-TW=10 L70.0 nmirad to cover top hank: '
RREM-WD-L0  AN.0 i
Total 230.9 23n.0 \ * 3% BN2 60,0 3600
* " ® "
2) Close the machine (shuttle raflls) 3) Thread the five threads (assumed) that out |
of the needles: :
R26A 15.8( RL4A 12.5| TBC1 18.6 1dentical an in Table Db operator col. i
GlA 2.0| clci 7.3 no. J: :
Total 17.8 17.8 18.6
. » : SxR20B  93.01 5xk20B  93.0 | 93,1
4 )
APl 16.1} M18A7.5 20.8] *FL 13.0
a2 5.6 sx(ean.y | 345.5 | 345.5
*FAC-LY Ll *
-02 21.0
®PAC-LY 5xR20E  93.5 | 5xR20E 81,5 | 83.5
-031 10.0 * *
H184 20.8
RL1 2.0| RLL 2,0 3) Climb dowm and check the bottom bank
R26E 20.4| RL4E 13.0 in an identica) manner
Total 38.6 92.2 13.0 92.2
* * ] SHRM-YD-02 70.0 70,0
% »
3} Go to latches and lock them:
960,0
ABBM-TW-04 BO0.0 0.0 93,0
* * 345.5
83.5
R30B 25.B| R30B 25.8 * * .
G5 ¢.0| G5 0.0 t
MLA 2.0| ML/2A 2.0 4) Pick up apron and tie it: |
AP1 16,2 APL 16.2 i
RL2 9.0| RL2 2.0 R208 18,/ | R20B 1B.6 '
R30B 25.8| R30B 25.8 G1C3 11.8| G1c3 10.8
G5 0.0} G5 a.0 M30A 27.1| MINA 27.1 :
n1/2h 2.0} M1/24 2.0 c2 5.6 62 5.6 I
AP1 16.2[ APl 16.2 | #FL 13.0 T30S 2.8| R2A 4.0 |
RL2 2.0| RL2 2.0 M1/2A 2.0 n1c3 11.8 |
R20DE 16,7 R20E 16.7 HAA 6,11 M4A 6.1
Total 106.7 106.7 13.0 106.7 APl 16.2 | ATl 16.2 !
* * MOA 6.1| MaA 6.1 ‘
; 62 5.6( 62 5.6 }
| *BRM-TW-04 80.0 81.0 TING 2.8] R2A 4.0 :
® * . ML/2A 2.0! c1c3 10.8 ‘:
M4A 6.1 | M4A 6.1 :
4) Pick up anron from drawer top and tie it: AP1 16.1| APL 16.2 i
Identical as operater col. no. 4 Total 127.9 148.0 | 148.0
E ] * H
I | 148.0
* s 755.5 ' 3182.0 1182.0
* " *
G. Total 3LR2.D



152

Table C9 Synthesis of "Shuttle servicing operation' bv MTM and USD

Operation Name: Shuttle servicing operation: Inspection/Oneration

Symbol used in Flowchart (Figure Al) to represent operation:
L

Contents of operation:

Operator:

Helper:

1) Check all the shuttles and replace empty shuttles with full
shuttles

Purpose of operation:

To £i11 the machine with full shuttles

Operation starts:

Operator at machine center on the front side, helper at machine
center on the back side.

Operation ends:

Operator at machine center on the front side, helner at automat
end on the back side.

Synthetic cycle time: 2.57 minutes.
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ik - T ot I AL
LEFT HASD RIGHT HASD Loby TOTAL LEFL BAND HLLGHT HAND Moy IR A
1 P 3 I 9 7 8 ]
SysioL  TIME SYMEGL  TIME SYMLOL, TIML Greater SYMEGL TIME SYliol  TIME SYMBOL TIME Lrcater l Greater of
times at tines at |1 & R oat
*ULb MY *usn T™U *ush MU L “Uusd MU *Usl TMU *UsD ™Y P e e By
_.f«‘ B e T Rl ettt - - "
1) Go to automat end: -
! ARRM-TW-0R/ 140.0 140,00
* * |
2) Side-step nlong the length of the machine ;
checking the bottom bank of shuttles: ]
|
| | *®10xAD2 960.0, 90,0
" *
3) Replace the six (asaumed) shuttles that 2
are emnty with full shuttles from approx: i
To replace 1 shuttle: i i
w20a  19.2) R20a 13,1 19.2 |
* ] I
PISE 5.6| c1a 2.0 ,
MifaA 2.0 f
APl 16.2 i
Total 5.6 20.2 20.2 ;
* * }
M2 4.6 RL1 2.0 !
R3/4A 2.0 !
Gl 2.0 :
*P2HB 24.0
*G125 15.0 i
G4B 5.6 I
G2 5.6 , “
*P26C  49.0 ? \
RL1 2,0 ; =
R3/4B 2.0 { ‘
GlA 2.0
MI/AN 2.0 |
RL1 2.0 |
R16E 14.2| R16E 14.2
Total 18.8 123.2 123.2
* * |
For the other 5 cycles i
5(19.2+20.2+41213.2})
| =5{162.6}
+ 813.0| BL3.0 |
* * ‘
4) Climb up !
l *BBM-VD-02  70.0 70.0 | '
" ®
5) Chack all the shuttles in the top bank
identically as in the bottom bhank:
969.0 ;
19.2 :
20.2 1
123.2 !
813.0
* 3
6) Climb down
| #BRM-YD-02 70.0 |  70.0
* * ,
7) Walk to machine middle
| *RAM-TW-08 140.0 140.0
] "
| A291,2 £291.2
L] * o

G Total A2DL.2



154

Table C10 Synthesis of '"Jacquard mounting operation' by MIM and USD

Operation Name: Jacquard mounting operation

Symbol used to Flowchart (Figure Al) to represent operation:

Contents of Operation:

Operator:

1) Select correct design tape and bring it to the automat

2) Unload old design tape on the automat and replace it
in the rack

3) Load new design tape on automat

Helper:

Purpose of operation:

To get the correct design tape for stitching the current order
onto the machine and to remove the preceding design tape and
repalce it

It is assumed that the design has 1900 stitches (from the sample
of 62 emblems used in the study the average number of stitches
in an emblem was found to be 1899.09)

Operation starts:

Operator at automat end on the front side of the machine

Dperation ends:

Operator at automat end on the front side of the machine

Synthetic cycle time: 1.84 minutes
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HELIER ] wikvee T A0
LTI LANH I BIGHT HAND 2 wony 3 TIAL 4 LEET HAND 5 RICHT JIANL 6 naoy 7 LIMIAL M "
SysLoL TRk LMBOL TIME SYHEOL TIME Lircuter SYMeDL TIME SYMBOL  TIML SYMIOL TIME Gereater Croater of
timus at tomes at | o & K out
*WSh U | e MU | sUSD ™Y st sUSE o THU *UsL  TMU | *USD MU B i L R DL B
1) Confirm desirn number and go to rackm:
SRBM-TH-A2  80.0
E¥ 7.3
REEM-TYW-10 170.n
*BBM-WD=1N 6D.9 t
Total 287.3|  287.3 |
* 'Y |
|
2) Search for correct tape number
I-nnn-'rw-nz 50.0 50.0
& *
R25A 15.8 | P25A 15.8
Glcl 7.3]| Clcl 7.3
Total 23.1 23,1 23.1
* *
3} Take tane to autemat end and place it on !
the bench ;
#BEM-TW-10 170.0 ]
*RABM-WD-10 6£0.0
Total 230,49 230.0 I
® * '
M2NB 18,2
P1SE 5.6
RL1 2.0
Tatal 25.8 25.8
* *
| | #BRM-Tv-0&¢ B0.0 0.0
L] &
4) Open catch:
RL5A 14.2' R15A 14.2 | BD2 3z.0 32.0
* *
G5 0.0
M2R 4.6
Total 4.6 46 |
# *
|
G138 3.5 ;
M3/4A 2.0
Total 5.5 5.5
* »
M2A 4.6
R1,2 2.0
Total 6.6 6.6
L] *® !
I
RISE  14.2| RISE 14.2 ] #AD2 32.0 32.0
*® *
5) Release tare from indexing wheel
R15A 11.4
G1Cc3 1n.8
MIJaA 2.0
AP2 16.2
RL2 n.0
Total in.4 4n. 4
» *
6) Grasn end of tane and pet it rolling
| J #5502 3.1 .1
* *
R158 15.8] RL5R 15.8
a2 5.6| 62 5.6
G2 5.6 G2 5.6
62 5.6| 62 5.6 I
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BELPLEE

TVEAL

*Ush

Ty

i qr ! 3

LLET 1AM 1 RICICT HAND 2 BOLY 3
SYMEOL  TIME | SYMEAOL  TIME | SYMEAOL TIME
*UsD kL) *uuh ™u

1AL 4

Greater
thres ne

o,

CPLRATOR
LEFT HAND 5 HECHT HAND 0173 4 7
sSYMBUL TIME SYMEOLL TlHif- .SYH;(J-; -'l l_;vl_l -
"UsL Iy [, *UsD MU b U
“Total  32.8] 1.6 '
» L]

7) finll eape. }6-TINS motions are renuired
for each metre (100 stitchem) of tape,
Anpume the denipn haa 1900 stitchos,

19x 1fx T3NS =19x)6x2.8

= A51.2
[ *

&) Renlace tape in racks

ERRM-TW-10 170.0
ANRM=WD-02 63.01

Totral 230.0
* *
i ABEM-TW-02  50.0
® ®
M20A 19.2 ] M20A 19,2
PI1SE 5.6 | PISE 5.6
RL1 2.0 | RLY 2.0
Tatal 28.3 26.8
& ]
*ERM-TH-10 170.0 |
RBRMLLD-10 60,0
#BEM.TW-04 80.0
Tatal 310.0
'y #
9) Pick up new tape and mount 1t on automat:
R154 11.4 | R154A 1.4
GlA 2.0} G1A 2.0
Total 13.4 13.4
* #
62 5.6{ 62 5.6 ] *BEM-TH-04 80,0
* *
Gicl 1.3
P1SE 3.6 | P1SE 5.6
Total 5.8 12.9
* *
| | sscr(1s™  18.6
® .
G2 5.6 6xM3B  33.6]
* *
RL1 2.0
*G185 19.0
P15D 11.2| P15D 11.2
Total 32.2 11.2
* 3
ssC2 1.1
] '3
RL1 2.0
*CLOS 15,0
Total 17.0
* %
M2NR 18.2 | R208 18.6
Gl1A 2.0
P1sD 11.2| PisD 11.2
Total 29.4
RL1 2.n 85C1 34.1
G108 15.0
Total 17.0 11,8 34,1
L]
1020% 1R.2, R2OR 18.6
1A 1.0
P25SDH 25.3 ] PRGN 5.3

TOTAL
10714l 8

Lreater

1imes ot
Ll

1n.6

A51.2

23n.0

5n.0

26.8

310.0

13.4

80.0

12.9

18.6

31.6

12.0

31,8

SIS

Bl

treatoer of
4,

b
P




HELPER OPERATON [OTAL
T s (1 niGie i EONY 51 TOTAL LEFT LAGD o} RIGHT HASD boUY 7| ALy, o
SYiOL CHIME | SHpof TIME | Sesenl Tidn ) Greater SYRROL  TiME | SYMROL  TIME | SYMEOL  TIME | freater | Cheatir of
times at tines ut 4o b oat
i TMU | osRSD THU | swsD HU T B S0 MU USH MU ~UsSD IMU
62 5.6! RLY 2.0
Total 49,5 47.9 49,3
A L]
i PEA 7.n| 7.0
L] L ]
P25SD 5.3 25,1
" a i
MEfZA 2.0| 61n 3.5
RLL 2.0 mnm 18.6
R20B 18.2
&lA 2.0
Total  24.2 22.1 24.2
L] *
P1SD 11.2{ F1sD 1n.z| 11.2
+*
RL1 2.0
*C1NS 15,0
Total  17.0 17.0
* *
M208 18,2} r20m 18.6
CIA 2.0
P15D 11.6| etsp 11.6
Total 29.8 43.8 43.8
| L *
. RLI 2.0 $5C1 3.1
| %GNS 15.0
! Total 17.0 34.1 34.1
} * "
i
I P1sSD 11.21 P1SD 11.2
! AP2 16.2
: M3/4A 2.0
! Tatal 11.2 9.4 9.4
l * *
{ owe12s  15.01 i 14.0
i * #
|
| | { *RD2 32.0 32.0
i * &
MI/4A 2.5 »Ll 2.0 :
RL1 2.0 | 6128 15.0
Milan 2.5
Tatal 4.5 19.5 19.5
* &
RIOE 22.9 | RI0E 22,91 *ep2 32.0 32.0
* *
l BBM-TH-D4  BD,0 0.0
* A 3njg. 7 nyg.?
L] w *
© Tntal nyg.7
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Table Cl1 Synthesis of '"Checking operation-2" by MTM and USD

Operation Name: Checking operation-2

Symbol used in Flowchart (Figure Al) to represent operation: 0
-

Contents of operation:

Operator:

1) Check to see that machine frame is closed

2) Check to see that the design tape is locked on the correct
position

3) Check to see that the machine is locked, that is, the shuttle
rails are locked.

4) Check to see that the automatic stopping lever is activated.

5) Turn power switch on.

Helper:

Purpose of operation:

This check is preparatory to starting the machine. The automat may
be damaged if one of the controls is not activated.

Operation starts:

Operator at automat end on the front side of the machine

Operation ends:

Operator at the automat end on the front side of the machine

Synthetic cycle time: 0.40 minutes




HELPIK OIFLRATOR ML
LLET AN RIGHT HAND r L by ArLAL LEFT HAND G HAND LY 1ol AL
1 Z 3 4 q b "
SYHROL  TIME SYHBOL T SYHBOL TINE Greater SYMEOL  TIME SYMUOL O TIME SYMBOL Timi Groater Grvater of
. B times at Limes at 4 U B oat
Lip TMU | *USD TMU | *USD ™ B sSD o THU | tusL MU [ *usD | S S
1} Check to sea that tha machine frame 18
locked
*2xRDZ 84,0
BT 20.0
Total 84.0 84.0
[} ®
2) Check to see that {acquard is in posicion
and 1s locked
i
A2xBD2 64.0 4.9
R2NA 13.1
c5 n.n
MI/4B 2.0
RL2 n.n
Total 15.1 15.1
* »
l I *BD2 32.0 32,0
» 4
3) Check to see that machine is locked (shuttle
rails are closed}
| ABBM-TU-N4 80,0 an.n
L) "
| © e 20.0 20.0
* 3
4) Check autnatop te see that Lt {s activated -
| | *BBM-TW-N8 140,0 140.0
| * S
R20A 13.1
C1A 2.0
AT 16.2
RL1 2.0
R20E 16.7
Total 59.0 5n.0
! % *
5) Turn swithe on
RANA 7.5
GlA 2.0
*FAC-SY
-1n 10,0
RL1 2.0
R2GE 16.7
Total 48.2 48.2
* a
&) Start the machine
*BRIM-TW-0F 110.0 110.0
* *
RINA 17.%
G1A 2.0
*FAC-TW
=01 1n.n
Total 29,5 29.5
» * 67:.8 612,8
2 * 3

., Total 672.3
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Table Cl2 Synthesis of "Initialization" by MTM and USD

Operation Name: Initialization

Symbol used in Flowchart (Figure Al) to represent operation: (EE>

Contents of operation:

Operator:
1) Stitch 20-30 stitches and stop the machine

2) Pull lead ends of threads
Helper:
1) Let machine stitch 20-30 stitches
2) Check shuttles and replace shuttles that are not stitching
3) Help operator pull lead ends

Purpose of operation:

To initialize stitching. This makes sure that all needles are working
and stitching correctly

Operation starts:

Operator at automat end on the front side of the machine, helper
at center on the back side of the machine

Operation ends:

Operator at automat end on the front side of the machine, helper
at center on the back side of the machine

Synthetic cycle time: 3.46 minutes
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G,

Fatal

HELPLE OPERATUR T TulAL
LEFT LA | IHGHT 1AL D 3 BuLY 3 1UTAL 4 LEVT HAND i REGHT LAND Bty ! 1T
i e - ? & T_L 8! 4
NYMBOIL, M SYMuQL T)NE S/980L TIML G;uulcr SYMICL TIME LYRRLL TIME SYMBOL TIML g—lirv:tlc'l of
. " 5 times at !
*Lol (11] *Uso YY) *i50 T™U D AL *UsD T™U *UsD MU *UsD ™u . f-ﬂ A
1) Seart machine nnd let e seitch I0 mtitchea
RRM-TI-NG AN { un n
" «
nyns 17.% |
G1A z.n ;
*FA S f
RO LN !
Total 3.8 n.s |
* c
Time for stichine N stitches = 1/2 min. i
[ RY4.N
» *
- |
2) Ston machine | i
4
*FAC-SW
-n1  1h,N
RLI 2.0
Taeal 12,0 12.0
* *
| AREM-YR-NZ 70N 70,0
x i 1n2¢.5 ! 1N26.5
0 & i i
=t
i
3} Start rulline the threads: tonbank
1) Check shuttles and renlace shuttles not fne thread wulline cvele: to nutl A threads
stitchine. This is identical to in R/4 i
Tahle N9: Service ‘ ;
Shuttles wIER 22,01 ®26R 22,8 4pp2 - 32.0 |
a1a 2.0 | RlA 2.0 ‘ .
| 42012 Total 249 26,8 32,0 2.0 |
* & * \
2) Start clearine the bottam hank startine fron TN 5,4 | TAns S.4 | !
the automat end: AP1(Y,62) APTO1R, 7Y ‘ |
Tdentical as enerator col. no. 3: 8 cveles M2pm(2,.9) wInm(2.a) | |
are reauired to reach lefr hand foundation 16,2 1F.2 | i
nillar PER(R,F) HER(.R) *RN2 32.0 i !
Ax111.2 9ns . f an5 . f TYOS(5.4) TH05 (5.4 i |
* * ENS 9,k 1 i
fra(r,m A1AC2.0) i ‘
62(5.8) r2{s.fy |
5.6 5.6 i ‘ i
TANG 5,4 | Tone 5.4 | '
API1A.2) APV(1F,2) ) |
M2Bm(2.9) ®2Bm(2.%9) [ :
16.2 16.2 }
M2RRm 19.8 | M2R8m 19.8 | *An2 32.0 i
RL1 2.0 | RLY 2.0 : }
Total 81.2 B1.2 64.0 81.2 |
'Y * '
25 cvcles are reauired to clear the top bank i
|
(25-1)(32.0+R81.2) |
25x113.2 ;
2716.8 2716.8 |
[ * Y
{
&) climbh down .
1 ARRM-YN-02 70,0 n.n
" *
i
i
| 5} start clearine throads from the far end
on the botrom
18 clearine ecveles are reonired to left
hand foundation rillar |
16x113.2 [ 1311.2] 1A11.2
3 * * . 4711.2 4711.2
5 ¥ - e = | r
£) atart machine to stitch ¥ rowa of the color \
RINA 17.% {
tiTA 2.0 |
HFAC-CW
- oann
Tatal 29.5 ¢ HALS |
* " %08 20.%
- ki N

el
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Table C13 Synthesis of "Preparation-1" by MIM and USD

Operation Name: Preparation-1

Symbol used in Flowchart (Figure Al) to represent operation: (!

13

-

Contents of operation:

Operator:

1) Cut off power to the machine
2) Pull the autostop lever back into position
3) Crank the gearwheel into neutral position
4) Cut the front yarn with a knife at the cloth line and with a
scissors at the guide-bar
5} Remove the threads from the machine for disposal
Helper:
1) Unlock the machine
2) Open the machine
3) Help the operator with functions 4 and 5

Purpose of operation:

This precedes a color change. The purpese of this preparatory
operation is to detatch the span of cloth from the front yarn, in order
to able to load the next color of yarn

Operation starts:

The moment the machine stitches its last stitch and snaps the
autostop lever. The operator is at the center on the front side of
the machine and the helper is at the center on the back side of the machine

Operation ends:

Operator and helper at machine center on the front side of the machine

Synthetic cycle time: 3.37 minutes
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Tl

HELLPER —
% OFERATOR
LLEY NAND RICHT HAND BOLY i
d TUIAL LEET 1A
1 2 4 LEFT HAND G RICHT JIAND 6 Loty 7 TOTAL 8
SYNLOL TIME | SYNROL  TIML | Srssr FIMI: L FURTEET T i
WwOL  TIME STMLOL IIMI: (r..rl.‘ultr‘ LYMEDL TIMIE S5YMBGL TG SYMLOL TIME Greater
: irues at i
*Usb MR 5 ; . . times f
U s ™U *Usbh ™y -t *Usb ™ *lsb MU *Ush ™Y -t-r;L?'-:E I—"‘
. g e e e I
This column shall reference helper colusm Thin column shall reference operator |
in Table C19 catunn tn Tahla €19 |
|
1) Place shutctles i{n apront { 1) Put picker In npren, as you walk to auto- |
i ! mat:
2} Untie apron and place on draver top:
* * 2) Untte anron nand nlace it on hench as vou
walk ta the putomat: Stop In f{ront of
3) Walk to machine locks power switch:
BN.0 | [ 1890
* * 4 *
4) Get prybar and open top catch 1) Turn off power to machine
5) Open bottm catch | 45.9
® &
§) Replace prybar
! 4} Go to automat and taka up pesition in front
by L of autostop:
7) Go to machine locking lever [ ' 71.2
8n.0 * *
l i 18.6
* » 5} Pull autostop and reset catch:
8) Open machine (shuttle) rafl 1 | 53,6
* *
| ' 92.n
" * 5a} Crank pearwheel to neutral pesition using
handwheel:
9) Walk to front side and get one knife from 3
operator | 2.0
: 52.1
| iz.n
% *
&) Walk ta drawer (heameath bench) and zet 2 '
knives and 2 sclasorn from drawer. [den-
tical as helmer cel. no. 11 Table C19 )
| apnu-ti-na sn.ni B0 |
* * i !
211 \
54.2
! £1.0 }
| 3z,n
545.0 * * 725.3
* * *
o |
7} Hand one knife to onerator !
18.5 19,5 |
' * a o
10} Walk to far end of machine. Walt for pper- 8) Walk to far end of the machine and climb
ator to start and then proceed: Helper to the top bank: Operator cal, no. 11
Col. No. 14 Table C19 Table C19
| [ 265, 2 299.0
* * * *
a) Tension front varn bv roller before starting
TOWT: Orerator col no. 12 Table €17
1 27.1
32.0
266.2 * * e
a " e v
1
11) Tenaion front varn by roller before 1) Continue cutcing 3 i
starting to cut ‘
| 432.0
2.0 * * - i
7. ;
* .*‘.__._‘..,..._.-_. 12} Replace k¥nife in draver: Tdenticdl to H
T : opsrater cal, no. 15 Table C19 i
12} Cut the bottom theeads to the clath lipe:
tlentical to halper col vo, 16 Takla CL% 14,%

]

Lroaler of
b

oot

1583

|
T
|




HELPE)

OPERATOR T r';'u
LEET LANL | RECHE HAY 0 i . :
i It 1 ! HAS L 2 Bomny 3 TUTAL 4 LLET HAND 5 RIGHT 1IAND OBy ) TUTAL 8§
SYL T | neoh. bR | sweoL Srh SN T ok T S
HaGL CTIME | SOl TIME Lf;ﬁ"t SYMBOL  TIME | SYMBOL TIME | SYMBOL  TIME | Greater | firestor of
i 5 0 :
st TN Wi I - tikes uat 4 o 't
T T T N e B D T I T e
: L
192.n 11,9
6.1 19.7
192.0 » *
LI} ; i
! 192.0 11) Piek un actamors and walk to far end of \
224.0 machine and climb un: Idencical operator l
* " tipl. Mo, 16 Table C197 I
13) Renlace knife in drawer: ldentical to oner- n.n
ator cal, no, 15 Table C19 127.0
7.1 |
19.5 * 0 !
10.9
19.7 14) fut ton front yarn: Identical to operator
bl # Col. Ko. 17 Table C19 !
i
14) Pick up scissors and walk to far end of 11.4
machine: Identical to helper col. No. 29 79.8
Table €19 866, 4
* "
20.0
294.0 15) Place scissors on hench-top: Identical to
* * operater Col. No. 18 Tahle D1%
1
15) Cut bottom varn: Identical to helper €ol, No. 11.7
| 30 Table CL9 64,0
I ' '
11.4
79.8 14) Renin removing threads from top bank:
175.2 Identlcal to operator Col. No. 19
64.0 Tahte D19
43.0
25.6 6.7
19.5 138.6
19,9 1478.4 |
19.7 * A ' :
* x ! i
17} Climb down !
16) Start removing threads from bottom bank
ldentical as top bank cperator col. no. | #BRN-YD N2 70.0 70.0
19 Table C19 Except for pillar correction: ! | * *
T
| 138.6 |
1478.4 |
% L E
| \
17) HNegotlate 2 foundation pillars: ! i
*5D2 32.0 | | ;
*BD2 32.0 | :
Total 64,0 64.0 1 :
* * 4141.9 i i IB12.7 | 4141.9
* LI *
1
18) Collect waste varn from operater for disposal 118) Give waste varn to helper for disposal
R14B 14.4 | 148 15.6
[} 5.6 G3 5.6
Total 20.0 2.0 Total 20,2 .2 20,2
. ® *
19) Go to dispose threads and return to
machine centre: Tdentleal to helper ]
col. no. 36, Table C19 . i
1 i
110.0 { '
’ 14.2
170.0
® * 3155.2 154.2
w T " "
l i I G. Total Sh1A.4
| .
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Table Cl4 Synthesis of "Switching operation.Cij) " by MTM and USD

Operation Name: Switching operation (ij)

Symbol used in Flowchart (Figure Al) to represent operation: QL
¥

Contents of operation:

Operator:

1) Starting from the automat end of the top bank switch the
bottom row of spools with the top row of spools for the 8/4
repeat, systematically one for one, using both hands

Helper:

1) Starting from the far end of the bottom bank switch the
bottom row of spocols with the top row of gpools, for the
8/4 repeat, systematically one for one, using both hands.
This operation is performed entirely on the front side of the
machine.

Purpose of operation:

In a two color emblem when both colors have been loaded onto
the machine and the first color has been stitched the switching oper-
ation is performed to bring the bottom row on top to enable further
processing of the span

Operation starts:

Operator and helper at machine front and center

Operation ends:

Operator and helper at machine front and center.

Synthetic cycle time: 4,54 minutes




i
|

2xRISE  28.4 2xRISE  28.4 *2xBDE R0

& #

| 2xR1fA 32.0 2xR1EA 32.0

] * *

i

i 3) Retuin to centre

|

Pomse 14,2 RIAR 14.2
*

Allowance for

HELPLR

LLET TAND 1 IECIT HASD 2 LuLr
SYsuol TIME  SYMBOL  TIME  SYMBOL TIME
*LLD ™U *usu ™U *Usn ™Y

1) 'alk te far &nd of machine

*REM-TW-10 170, 4

® [
PIRA 16,0 PLAA 16.0
* A

2) Start switching the rositiens of snacls on

the top and hattom rows of the bottom
hank. (170 mnonis), Identical to the
oneration of switching on the top bank.
tnerator Col. Ne. 2

(17n/2) {14,931 ,1+25.7)
f5x71.7
AN94. 5
]

crossing 2 foundation pillars:

EERM-TW-1N 1709

v

TOLAL 4

fircater
tines it

trn.n

1.0

£N04 .5

£4,0

z.n

14,2

171.n

A5F0.7
*

.

loe

}_‘ e S S Sk i s it e e .
OPERATOR 1AL [
LLIT HAND RICHT ] ;
5 LUHT HAKD 6 noby 7 1ataL " ” |
SYMuuL TTMi: SYMEOL  TIML LSYMUOL FIML Lrealer Great.r of i
5 tites at REE A S
*Usb T LusD ™U *USD ™Y et hataw e,
i -2y =P A~ pie el s i
1) Walk tn autnmat end of machine and reach l {
for apanla i 1
i i
#REM-TH-10 170.0 170.0 I ;
" " :
RZRA 2.2 R2%A 24.2 24,2 ,
* - |
i
2) Seart switchine the noaitions of snools | !
on the ton and hottom row of the top R |
hank: 1 sswitch cycle: | !
R2R 4.0 ; !
ran PR 2.0 | !
MEB R.9 0 i
Total .0 14,9 14,9 :
® ' | .
i
1
i
G1A 2.0 MIR 5.7 ' ‘
M4 £,9 PISE 5.6 t i
W2R 4.5 MIR 4.6 '
MSF 5. RL1 2.7 SSC1 17.n [
M2R 4R PIR 4,0 i
Ll 2.0 1A 2.n { i
R2B 4.0 MLR 6.9 ;
Total 29.7 3.1 17.0 31.1 -
* " I { i
i H
[
; :
G1A 2,n MR 5.7 | |
MAHR £,0 PITF 5.F d 1
MR LF IR 4.k } i
L it 5.6 11 2.0 SRSC1 17.n ! :
M2R 0.5 ! 4
AR 2.0 ! |
Tatal 25,7 17.9 17.0 5.1
2 *
l - - ]
This comnlates nne switching cvele for two "
anonls in the game fasion pn ahead and switeh .
all 17" snools from top to bottom |
(L7N/2-1Y (14,0431, 1475, 7)
Rax71.7
=f022.8 £n22.8
* *
1) Return to centre \
RANF. 2.0 RANE 22.9 2.2
* Y
*RAMTU-10 1700 170.6
* L3 fHRY .8 £560.7
o *
G. Total F5EN. 7
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Table Cl5 Synthesis of "Switching operation (::) " by MIM and USD

Operation Name: Switching operation

Symbol used in Flowchart (Figure Al) to represent operation: (:i)

Contents of operation:

OEerator:

1) Starting from the automat end of the top bank switch the
bottom row of spools with the top row of spools for the
12/4 repeat, systematically one for one, using both hands.

Helper:

1) Starting from the far end of the bottom bank switch the
bottom row of spools with the top row of spools for the
12/4 repeat, systematically one for one, using both hands.
This operation is performed entirely on the front side of the
machine

Purpose of operation:

In a two color emblem when both colors have been loaded onto the
machine and the first color has been stitched the switching operation
is performed to bring the bottom row on top to enable further processing
of the span.

Operation starts:

Operator and helper at machine front and center

Operation ends:

Operator and helper at machine front and center

Snythetic cycle time: 2.86 minutes.
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e e e o o ; .
Mt o omwrex AL
LEIT hiin J PRI HAND 2 Lany 3 L TOFAL 4 LEFT HASND 5 RIGHT HASD 6 by 7| TeraL 5
SYmean g SIMBOL TIME SYMEUL Tidl Greatoer SyMdnoL e SYMBOL  TIME SYMROL TIME Greater Gircatesr of
tines at tives at 1 4o out
WSk TMU | MUSL TMU | rUsp T S *WSD MU | orusD IMU | fUSD ™Y B EEREEI IERR LS
Walk to far end of machine 1) Yal¥ to the automat end of the machine and
[ reach for apocin
ARAM-TW-10 170.0 170.0 l
* * | RRBM=TW-10 1700 170.0
* *
2) Start switching the poaiticns of spools
on the top and bottom rows of the R28A 24.2[ R2BA ?ﬁ.ZI 24.2
bottom bank. (115 apoola). [dentical ¥ *
to the operation of switching on the
top bank 2) Start switching the positions of spasls :
on the ton and battom row of the zop
(115/2)€10.9 + 31.1 + 132.6) bank: 1 awitch cycla:
58 x 74.6
= 4325.8 4326.8 GlA 2,0
»* Y H6B 8.9
Total 1.9 10.9
Allowance for crossing 2 foundation pillars * *
2xr1SE  28.4] 2xR156 18.&[ *31xBD2 64.0 64.0 GlA 2.0] M3B 5.7
& * M4B 6,9| P1SE 5.6
M2B 4,6( M2 5.6
2xR16A  32,0| 2xR16A 32.0] 32.0 MSE 5.6| PL1 2.n| §5C1 17.0)
* * M2B 4.6| R28 4.0 i
RL1 2.0) GlA 2.0
3) Return to centre R2B 4.0 M4B 6.9
Total 29.7 31.1 17.0 31.1
M6E  14.2] mi6E 1ﬁ.2| 14,2 " *
* *
GlA 2.0| MIB 5.7
| ] *BEM-TW-10 170.0 170.0 | MiB 6.9| P1SE 5.6
* . * M2B 4.6 | M2B 4.6
P1SE 5.6 RL1 2.0 §5C1 17.0
M2B 4.5| M4B 6.9
RL1 2.0
M4B 6.9
Total 32.6 24.8 17.0 3z2.6
* * i
This completes one swirching cyele for two
spoals in the same manner go ahead and
switch all 115 spoels from tap to hottom
(115/2 = 13(10,9 + 31.1 + 321&) [
57 x 74.6
- 4252.2 4262.2 l
*® 2
3) Return to centre i
R3I0E 22,9 n3oE 22.9l 22.9
* *
| *RRM-TU-10 170.0 170.0
4777.0 ol * 4713.9 4T71.0
* 2 [l
C. Total 4277.0
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Table Cl6 Synthesis of "Unloading operation and " by MIM and
USD
Operation Name: Unloading operation and

Symbol used in Flowchart (Figure Al) used to represent operations: m

i
Contents of operation:

Operator:

1) Bring the empty or near empty carton of spools from the storage
area

2) Unload the spools from the machine on the 8/4 repeat (340
spools in number-170 spools on the top bank and 170 spools on
the bottom bank) and place them in an orderly manner in
their carton.

3) Carry the full carton to the racks for storage.

Helper:
Assist the operator in unloading the spools.,

Purpose of operation:

When one color has been stitched and the next color on the same
emblem or another emblem has to be stitched unlecading of the spools
of varn is necessary in order to be able to load the next color.
This operation takes place entirely on the front of the machine, on
the top and bottom banks.

Operation starts:

Operator and helper in center on the front side of the machine

Operation ends:

Operator and helper in rack storage area
Sketch:

Figure 2.3



170

Unloading operation involves the unloading the top row of spools
(340) on both banks ((a) and (c¢) in Figure 2.3). Unloading operation (E:D
invelves unloading of the bottom row of spools (340) on both banks
({b) and (d) in Figure 2.3). Unlocading operation (i:» and Unloading
operation are exactly the same except for a physical disposition
difference. They will be treated as being the same for analysis purposes.
For analysis purposes it is assumed that there are 18 spools per yard
length. Also, it is assumed that the average top bank to center of
carton distance is 36" and the average bottom bank to center of carton
distance is 30",
The operation proceeds as follows:

The operator works on one side of the carton and the helper works
on the other side. Each unloads 4 spools on the top bank, two in each
hand, then unloads 4 spools on the bottom bank., No more than 5 such
unloading cycles are required per yard. The operator and helper work
on one yard at a time and then the helper moves the carton along the
bench. Hence the helper is requred to carry the carton 4 times along
the bench (2 vards at a time) in the process of unloading the iO yard
length of the machine

Synthetic cycle time: 4.67 minutes.




[HERUN

L

I .

(lﬁlE‘RA'l'l)It

svstematically in the carton

required per vard:

S(RINAHMRINA)  S(RIOAHMRLOA)
125.0
SxGLCL 36.5
5xPID 5.5
5(M30N+mMION)
164,5
sxr1ssn 73,5

124.0
Sxficl 6.5
5xD1D 28.5
S{MIN+mHLIOR)
k4.5

S5ul'1550  73.5

Unlond 4 snools at a time 2 in each
hand na mare than $ such eveles are

5% FL 65.0

hand, no more than 5 auch
recuired rer vard:

5{INA+HMRINA) S{RINA+RLNA)

124.0 124,0
sxftint 36,5 | 5x61c1 36,5
S5xPLD 28.5 | SxR1R 28.5
5 (MINR+mMINRY | S(MINB+mMIOR

1465 1645
SxPLSSN 73,5 | SxPissn 73,5

I'nload & snronts at a time, 2 in each

cycles are

!
svstematicallvy fn the carton Fig. (6):
|
i
|

*SxFL 65.0

\ P

LLFT A AT BN - TR S S
it 1 RIGIHT MAND 2 BOnY 3 TOTAL 4 LEFT HAND 5 RIEGHT HAND a BOWY 7 TOUTAL H‘
SYneon T qenL 1ime | e . o A O
[P ] SYMENL  HIME | SYMENL TEME r.:!-eutcr SYMLL TIML SYMROL  TINME SYMEOL  TIME
sUSD - sl e ) times at
b G ™ usn T™U AR T *Uslh  TMU *sh ™U “us ™Y
1) Co to storage racka area: 1} Co te storage racks and pet the carten
of the color to he unloaded:
#RAM-TW-NB 140.0 14n.0 l I AREM-TW-11 170.0 17n.0!
» L] " “ z
Reoa 13.1] m2ea 13.1] *mp2 32.0] 320
[ * '
CaA 7.3] GaA 7.3
M3B75 13.4 | MBRTS5 13.4
n2 56| G2 5.6
MAR12,5 15.7| MADML2.S 15.7
G2 5.6 G2 5.6| ssCl 18.6
Total 7.6 7.6 18.6 47.6
* *
2) Take the carton over to the bench
i ABRM-TW-06x1.5
165.0 165.0
(1.5 bulky load)
\ “ *
i
{ 3) Place the hox on the hench and uncover
; flaps
1
1
( P2SD 21.8| P25D 21.8
! RL2 0.0} RL2 a.0
| RBA 7.9 | RBA 7.9
| c5 n.n| cs n.n
i MRB12.5 15.7 | M8312,5 15.7
RL2 n.n | RL2 n.n
| Total 45.4 45.4 45.4
| i * *
i
|
! tc18s 19.0| *c1es  19.0]| TBCL 18.6 15.0
| A i
' i
! | mase  21.8] 218"
i * *
258 21.8 | | 21.8
* *
RL1 2.0 | RL1 z.n[ S5C1{15") 18.6 18.6
140.0 * * SK1.2
. * * :
2} Uncover flops of cartoon
G185 1n.n| scres  10.0] mar 18,5 19.0 1
* " I
i
‘ M258 21.B| 21.8
N ®
i
M25 21.8 | 21.8 !
" * |
RLL 2,0/ RL 2.0| sscis™  1R.6 18.6 [ !
) . 81.2
¥ ——_ o -
3) Start to unload spoels and rlace them 4} Start to wnload snrools and place them

L7,

S,

HaTAL

9

Greater of

d & 8 ot

541.2

81.2




HELEER . UPERATOR - )
LT HAND 1 RIGHT 1IANT 2 BOLY 3 TOTAL 4 LEFT BAND SI‘ RICGHT HAND o Bouy 7 LOTAL §
SYNuOL TIME STMBOL  TIME STMLLL TIME f;uutcr SPMBOL TIME LYMUBOL  TIME SYMEOL  TIME
; 4 y nes at
*Usp T *UsD T™MU *USD ™u etaean *Us0 TMU *UsD ™U *usD T™U
OO - | (SSRGSl -2 oy T
S5xRL1 1n.0[ 5xRL1 1n.0 ~5xR11 17,0} 5xRL1 .o
Total  437.0 437.0 65.0 431.0 Total  417.0 437.0 ﬁs.n[ 437.0
* * * *
| Similarly for the bottom bank unload 4 Simitarlv for the battom hank unload 4 spools
apocls at a time, 2 in each hand: no more at a time, 2 in each hand: No more than 5
than 5 such cycles are renuired per yard: auch cvcles are required ner vard:
S(RINAMPRA) 5¢{R3NA+MREA) *5xFL 65.0 S(PANA+TRFA) S{RINA+MERAAY *5xFL 65.0
116.0 116.0 116.0 116.0
5xC1C1 Ih,5f $xGL1CL 36.5 5x0IC) 36.5| 5xrlcCl 6.5
5aD1D 2R.5| 5xDID 28.5 SxDID 28,5 | 5xh1D 28.5
5(430B+mMAB) 5({M3INB+mM6B) 5(43NR+m™AR) 5(MINR+m™AB)
1510.0 150.0 1500 150.0
5xP15SD 73.5| 5xP1SSD 73,3 5xP15SD 73.5] 5xP1S5D 73,5
5xPL1 1n.0| 5xRLL 10.9 5zPLL 10.0| 5xRL1 1n.n
Total 514.5 414.5 65.0 414.5 Total 414.5 414.5 65.0 514.5
* * 851.5 * * A 851.5
* * L}
4) Move carton 2 yds:
R12A 9.6] R1ZA 9.6( *AD2 32.0
GlA 2.0| Gla 2.0
Total 11.6 11.6 32.0 32.0
" x
*BBM-TW-06x1.5
165.0 165.0 i
{1.5Bulky lead)
L] L
P2SD 21.85 P25D 21.8
RL1 2.0} RL1 2.0
RIAE 14.2| R1GE 14,2 | TRCL 18.6
Total 38.0 3B.N 1B.6 38.0
" ol R 2315.0
» - * o
5) Continue unloading along the entire 5) Continue unleading along the entire lenpth
length of machine. For 10 yds. 5 un~ of machine. TFor 10 vds, 5 unloaded cvcles
load cvcles are required: Identical are required: Identical to operator
to the helper ¢o. no. 3. col. no. &: !
(5.1) (437.0+414.5) 3406.0 3406.0 (5.1) (437.04+414.5) 3606.0 I 34ng.n
* " * *
Also move the care on 5 times: Identical i
to the helper columm, no. 4.
{5.1)(32.0+165L0
4+ 3B.0) 940.0 940.0
" n 5286.0 3406.N0
] * A
6) Cover flans of the loaded carton:
|
*G185 19.0| *618S 19.0} TAC1 18.6
M25B 21.8
Total 19.0 in. B 18.6; &n g
» *
M2I5R 21.8
RL1 2.0 RLY 2.0
Total 231.8 2.0 23.8
* * _ £4.6
* ® .
1
6} Cover flaps: é
+*(185 19.0 | *GI8S 19,7 | TRCY 1B.6
M25B 21.9
Total 19.0 4n.8 18.6 40,8
* *
M2ISR 21.8%
RLL 2.0 R z.nl
Toral 23.48 2.0 .R
" ‘i_ ; fbd, 6

SIS

firruter of
4 4 o at

851.5

215.n

5286.0

64.6

64.6
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HELVER UIERATOR L AL
LIFT niAxt 1 RIUHT JIAND 2 ROLY 3 INTAL 4 LEIT JIAND . RIGHT HAND 6 "oy ) kML g 9
SYHint  TIME | synzan  TIME | SYMHOL TIME Greater SYMUAIL TOME | SYMEGL CTIME | SYWMBOL  VIME Greater nrcater of
times at tines at | 4 4 & ot
*Usn T™MU *UsD Y *UsD ™U e faa¥on *USD ™Y *UsD T™U *UsD ™U Bl IR R R
L o .
7} Pick un loaded cartnn of apoals and 7) Pick up loaded carton af spaces and carry
carry {t to the racks areat it to the rlack aren:
R1RA 11.4{ R1AA 11.4 P16A 11.4 [ R1AA 11.4
Gla 2,0( GlA 2.0 flA 2.0 | G1A 2,n
M8B22.% 2n.3| MAB22.5 2n.3 MER22,5 20.3 | MRR22.%5 2,3
[tk ] 5.6| G2 5.6 G2 5.6 162 5.6
Total Toral
[ ] L ] L] ¥ L ]
#RAM-TW-10x1.5 *REM-TW-1Mx1.5
{25") 255.0 (25') 255.0
*BRM-WD-10x1. 5 *ARM-WD-10x1.5
135.0 (15') 135.n
{1.5 Bulky load) (1.5 Bulky load)
Total 490.0 490,0 Total #90.0 49n.0 4900
" * * *
[ | #8p2 32.0 32,0 *BD2 32.0 32.0
* &* x * *
B) Locate in rack and leave in storage: 8) Tocate carton in rack and leave in storage:
P2SD 21.8} P25D 21.8| *8Dp2 32.0 p2sn 21.8 | r2sp 21.8] #AN2 iz.n
RLY 2.0 RL1 2.0
R15E 14,2 RISFE 14.2 !
Total 38.0 21.8 32.9 38.0 Total 21.8 34.0 32.0 18.0
" 4 * *
| Masasr.s w0l 40.0 | wMisasr.s 400 | | 40.0
* * * »
poe 16.7] ok 10.5 | »ap2 32,0 2.0 | e n.n
* * R20F 16.7 | R1NE 1n.5( *RD2 3z2.n
“Total 16.7 1,5 3z.n 12.0
| 671.3 * * 671.3 671.3
* L] &*
G. Total 1795.4
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Table C17 Synthesis of "Unloading operation (::) and (i:) " by MIM and UsSD

Operation Name: Unloading operation @and
Symbols used in Flowchart (Figure Al) to represent operations:

Contents of operation:

Qgerator:

1) Bring the empty or near empty carton of spools from the storage

area
2) Unload the spools from the machine on the 12/4 repeat (230 spools
in number-115 spools on the top bank and 115 spools on the bottom
bank) and place them in an orderly manner in their carton
3) Carry the full carton to the racks for storage
Helper:
Assist the operator in unloading the spools

Purpose of operation:

When one color has been stitched and the next color on the same emblenm
or another emblem has to be stitched unloading of the spools of yarn is
necessary in order to be able to load the next color. This operation takes
place entirely on the front of the machine, on the top and bottom banks.

Operation starts:

Operator and helper in center on the front side of the machine

Operation ends:

Operator and helper in rack storage area
Sketch:
Figure 2.4

Unloading operation (::D involves the unloading of the top row of



spools (230) on both banks ((a) and (c) in Figure 2.4). Unloading oper-

ation invelves the unloading of the bottom row of spools (230) on

both banks ((b) and (d)} in Figure 2.4). Unloading operation.(::) and
Unloading operation are exactly the same except for a physical dis-
position difference. They will be treated as being the same for anualysis
purposes. For analysis it is assumed that there are 12 spools per yard
length. Also, it is assumed that the average top bank to center of carton
distance is 36' and the average bottom bank to center of carton distauce

is 30".

The operation proceeds as follows:

The operator works on one side of the carton and the helper works on the other
side. Each unloads 4 spools on the top bank, two in each hand, then unloads

4 spools on the bottom bank. No more than 3 such unloading cycles are re-
quired per yard. The operator and helper work on one yard at a fime and

then helper moves the carton along the bench. Hence the helper is required to
carry the carton 4 times along the bench (2 yards at a time) in the process

of unloadint the 10 yard length of the machine

Synthetic cycle time: 3.65 minutes
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HELPLE UPLEIATOR Tl Ak
s i R i
LEFT HAKD I RIGHT JAND 2 ronyY 3 TOUAL LEET 1ALD 5 RIGHT LIAKD é BiLY TOTAL
: Y
SyMpul, TiME SYMBGL TIME SYNBOL TIME: Croatur SYMEOL TIME SYMEOL  TiML SYMISDL T M Lrcater (ireater of
. : times at tines at |4 & b oat
*Usp T™HU *1SD ™U *usp ™ EL L *USD ™U sUsL TMU Ush ™Y : I D T
o i i s 55 il e S i s e e et S e i e it . A
1) Co to storage racks arca. -~ 1) Go tn storare racks and pet the cartun of
the golor to he unlpaded:
*RAM-TW-NB 14N.7 1400
* * | I ARRM-TH-10 170.0 170.0
* *
r2on 13| m2aa 13,1 sanz 32.0| 12.0
L] L]
GLA 7.3 O4A 7.3
MAR12.5 15.7{ “RR12,5 15.7
G2 5.6| G2 5.6
MRR12,5 15.7} “RR12,% 15.7
G2 5.6] n2 5.6 SSC1(15™) 18.6
Total 49.9 49.9 18.6 49.9
a *
2) Take the carton over to the hench
#BBM-TH-NFx} , § |
145.N 165.0
{1.5 Bulky load)
* *
3) Place the hox on the hench & uncover the
flapa
P25D 21,R] P25D 21.8
RL2 a.9] RL2 o.n
R3A 7.%| RRA 1.9
! G5 n.o| Gs 0.0
i MER12.5 15.7| MBB12.5 15,7
! RL2 a.0| rL2 0.0
| Total 45.4 45,4 45,4
H * *
*G18.5 1"~‘.f'|l *G1RS 19.0' TRC1 tR.ﬁl 19.0
* *
| m2sm 218 [ 21.8
» *
M258 21.8 ‘ | ] 21.R
* F
RL1 2.0! RL1 2.0| ssc1(as™ ta.s| 18.6
d e 543,5 543.5
* 140.0 * *
2) Uncover flaps of carton:
scres  19.0] »e18s  19.0] 11 18.6 19.0 |
* * !
| wss 21.a 21.8
* *
+
w258 21.8| l 21.8
* Coa
RL1 2.0] s 2.0] ssC1(15™  18.6 18.6
* * 81,2 a1.2
W * *
1) Start to unload snools and place them &) Start to unload srools and nlace them
avatematicallvy in the carton: rvatemntically in the cartoon.
Unload 4 spools at a time. 2 In each Uinlead 4 srools At A time, 2 in each hand.
hand, na mere than 3} such cvcles are No mere than 3 such eveles are required
ronuired per vard. per vard.
I(RINAHMRINA) A(RINA+mR1I0A) *IxFL 19.n A(RINA+MR1NAY | 3(RIMA+mMRINA) | *3xFL 1%.0
74.3 74.3 4.1
axC1CL 21.9| 3xfi1C1 1.9 IxGlCt 21.9 | mric 21.9
InDLD 17.1] 3anin 17.1 IxDID 17.1 | 3xntn 17.1
FCMHBHMMIORY | F(MINREmMINA) )
8.7 aR,7
IxP18SP 44,1 | IxPISSD 441
IxRLL 6.0 IxRL1 6.0
Total 262.1 262, 19.0 262.1 Total 262.1 262,1 19.0 2.1




HELPLR T 7ﬁ1ﬁ’ﬂki¥a;v“' N -
LLET b i 1 RIGIHT HAND 2 FiTHIPT 1 TOTAL 4 LEFT HAND 5 RICHT HAND 6 Iy 7 ALy
SYHuuL TR IMEOL O TIME STHL0L TEME Greater SYMBOL  TIHL SYMBOL  TIME SYMEOL TIME Greater
times ut tines nt
*LED ™ *UsD ™U "wib ™U ——tanva. L] ™Y *Usp ™U *ush ™U sulantan
SR SV SO i S AR
* L] * -
Sirflarly for the battom hank urload & Similarlvy for the battem hank unlead 4 apools
apnols at A time, 2 in each hand. No more at a time, 2 in each hand, No more than 3
than } much cyeles are remiired per yard much cvcles are reaulred ner vard
J{RINA+mMPAA) I(73INA+mPEA) | #3xFL 39.0 I(RINAIMRAL) I(RINA+mRAA) #3xFL 39.n
£9.6 69.6 69.6 69,6
3xCICL  21.9( 3xGlCl  21.9 Ix0ICY 21,9 IxMICT 21,9
IxDID 17.1] IxDPID 17.1 3xntn 17.1] 2xmin 17.1
I(HIIB+mMAR) I(MINBMMAR) I(MINRAmMMER) | 3 (MINREmMAR)
an.n 9.0 9n.n g9n.n
3IxP1SSD  44.1| IxPISSD 44.1 3xP1SSD 44,1 3IxPISSD 44,1
IxRL1 6.0 3xRLL 6.0 3xRL1 f.0| IxPL1 6.0
Total  248.7 248.7 39.0 248.7 Total  248,7 248,7 19.n 248.7
[ * *® *
4) Move carton 2 yds.
Ri12A 9.6) RI1Z2A 9.6 #3p2 32.n
GlA 2.0| GlA 2.0
Total 11.6 11.6 32.0 32.0
* ®
SEBM-TW-06x1. 5
165.0 165.0 !
(1.5 Bulky load)
* * |
|
P2SD 21.R] P25D 21.8
RL1 2.01 RL1 2,0
R16E 14.2| RL6E 14.2 ] TBCL 1B.6
Total 3B.N 33.0 18.6 38.0
* ® 745.8
* * »
%) Continue unloading along the entire leneth 5) Continue unloadine alone the enture
of machine for 1N vda. 5 unload cycles are leneth of machine 5 load cveles are re-
required identical te helper ce. no. 3. auired. Tdentical to operator col. no. 4
(5-1)(262.1+248.7) 2043,2 | 2041.2 5(262.14248.7) 2041.2
&! x * *
Also move the carton 5 times: Identical to
helper col. no, 4
(5-1){32.0+165.0
+38.0) 940.0 940.0
* *® 3923.2 2n63.2
* ® *
6) Cover flans of loaded ecarton:
*G18S 19.0| %G18S 19.0 | TBC1 18.6
M258 21.8
Total 19.0 40.8 18.6 4n.8
* *
M25RB 21.8
RL1 2.0) RL1 2.n
Total 23.8 2.0 21.8
* * 6A.H
* * *
6) Cover flaps
*G138 19.0 | *G18S 19.0 | TBC1 18.6
M258 21.8
Total 19.0 40,8 18.6 4n.a
- A
M25R 21.8
RL1 2.0 RI.1 2.0
Total 1.8 2.0 21.8
* ® [T ]
# * »

i

7) Pick un loaded carton of srools and carry
it tn the racks area.

3 Pick un lended enrtnon and carcy to
the rack nrea,

17

ToraL

Ureater of
44

®

N out
e

—

T45.8

2043.2

34923.2

64,5

64h.6



HiLPLR ; LIPLRATOR 1AL
LET AN ST LA : QTAL LLET JIAN T HA
Lot Bkt 1 RIGHT 11AHD 2 LQhY 3 TOTAL 4 LLET 1IAND 5 RICHT HAND ¢ oLy 7 1UTAL 31 9
Sy, TINE Lenenl, TiME SYMEGL T Lrveater SYHBOL TIME SYMLGL  TIML | SYMEOL  TIME Greater Greats roof
times at Lithes at A 4L Hoat
Usbh WD MU *Usu MU cemeetoo | oSUSD TMU *USD MU *USD T™U T HEETL PR B P
SR A | B ,
11.4} PLEA 11.4 RIAA 11.4 | RLAA 1.4
GlA 2.00 GlA 2.1 fila 2.0 | 6G1A 2.0
M8B22.5 21.3| M#R22.,5% 21.3 MSR22.5  29.% | MRR22.5 203
(¢74 5.6 G2 5.6 oz S.h | M2 5.6
Total 32.3 39.3 19.13 Total %9 19.3 1.1
* * ® L]
ADBM-TH=-10x1.5 HBRM-TW-1Nx1.5 :
(25") 255.0 (25" 255.0 '
#A8M-ID-10x1.5 *PNM-WD=10%x1.5 1
135.0 135.0
1.5 Bulky load 1.5 Bulky load
Total 490.0 49n.0 Total 499,0 490.0
* * * *
®*BD2 iz.n 32.n 4BD2 32.0 32.n
L & * *
8) Locate carton in rack and leave in storage 8) Locate carton in rack and leave in storage
P2SP - 21.8] P2SD 21.8| *BD2 32.0 P25SD 21.8 |P25SD 21.8 | #RD2 32.0
RL1 2.0 RL1 2.0
R15E 14,2 R15E 14.2
Total 38.0 21.8 3z.n 38.0 Total 3B.n 21.8 32.0 3B.0
* * * *
| msae7.5 40.0| 40.0 | MsAL7.5 400 | l 0.0
L] * * *
RZnE 16.7| RLOE 10.5 | *8n2 32.0 32.0 | m2 n.n
* * R2NE 16.7 |(RINE 10.5 | *AD2 32.0
Total 16,7 1n.5 32.0 2N
I 671.3 * * 671,13 671.3
* f 3 L]
C. Total £n94, 2



Table C18 Synthesis of "Rollover operation" by MIM and USD

Operation Name: Rollover operation

Symbol used in Flowchart (Figure Al) to represent operation: (%%)
I8

Contents of operation:

Operator:

1) Perform Preparation-2

2) Loosen cloth on the top and bottom banks and rollover fresh
stitching field

3) Tighten span and tack ends of goods onto side combs

Helﬁer:

1) Perform Preparation-2

2) Assist operator with rollover

3) Help operator tighten span and tack ends of goods
onto side combs

Purpose of operation:

When one stitching field has been processed the finished goods
are rolled onto the top roller and the unworked goods simultaneously
unroll from the bottom roller. A fresh stitching field is thus set
for processing.

Operation starts:

Operator and helper at machine center on the front side of the
machine

Operation ends:

Operator at automat end on the front side of the machine, helper

at the machine center on the back side of the machine

Synthetic cvcle time: 11,95 minutes

179
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TOTAL

44

HELPLE , UHERATUR
Lo 1T HAND | RIGICE 1AND 2 Bany 3 1O 4 LEFT HAND 5 RICIHT HAND 6 Boby 7 1OTAL 8
Syl TIME LIEROL TIME SrukoL TIME Greater SYMBOL TIME SYMLOL  TIME SYMEQL TING Greater
Lires at tlhivs wl
“Ush TuU FULD T *LED ™Y EEREERE T U0 ITMU “USD ™U *UsD ™U R
L ey 5 IR
1) Perform prepararion - 2 Table ¢19 - 1) Perform prenaration - 2 completely f
l Thia shall not be veneated here! Table 19
INGA.T7
. g } 1064, 7
* L
Here we shall reference - Table = £20
Removal of finished peoda from machine Here we mhall reference Table - D20 -
Removal of finished goods from machine
2) fo to the sutomat and center frame
vertically: Identical to helper col. no. 1, 2) Go to automat end, identical to operator
Tahle D20 col. no, 5 Table C20
352.0 260.0
22.0
43.0 3) Cet nrvbar and extension tube and position
22.0 it on pearvhecel: ldentical to operator
142.0 eol. no. 6 Table C20
® L] ;
25.0
4.0
25.3
1625.7 * d T419.4
" * ®
3) Loosen top span: Identical to helper col. no. 4) Loosen: Too snan: Identical to operator
5, Table C20 col. no, 7, Table C20
: 108.4
% * »
5) Help loosen bottom apan l . 5) Loosen the hottom span:
DZD 11.8| p2D 11.8
, M3nc In.7 | MInC IN.7| *AD2 32.9
i F255D 25.3 25.3
{ Total fA7.R 6£7.8 az.n 67.8
| . *
% * %
[ I 1 708.4 | | 709.4
” * *
6) Go to far end of the machine: Identical to 6) Replace nrybar and extention tube
operatar col. no. 6, Table 20
#P3ALPL 42,0 | *P3NLPL 42.0n| *Ap2 3z2.0
I 260.0 R3NE 22.9 | R3NE 22.9( #Bp2 32.n
* Total 64,9 64.9 64.0 f4.9
* &
7) Climb un and take the cloth off the comb:
Identical to onerator col, no., Table €20 7) Climb ur and take the cloth off the comb:
Identical to cperator col. no. 9, Table C20
| 102.0
224.1 1N2.0
* * 226,11
1 II 586.1 * * 391.0
A * ! "
8) Climb down and take the cloth of f the comb: 8) Ctimb down and take the cloth of £ the
Same as above comb: same as above
1n2.0 1n2.n
224,1 226.1
* * 16,1 » * I26.1
* * N
9) Co to autemat, oren vertical catch and
lower Frame to initial setting using
vertical handwheet
*RAM-TH-NE 110, N
R14A 1n.5 | R12A 9.6 | *BD2 32.0
Totnl imn.s 9.6 142.0 212.0
* [l
GlA 2,0 [ 1A 2.0
AFAC-LY
=g 20,0
Total 2.0 22.0 21.0

Lreale r of

ot

7625.7

8.4

67.8

INR. 4

SR6.1



HLLPER OPERATOR
LLEFE HAND AT HAND TOTA ik T :
1 RIGITT HAN, 2 BODY 3 TOTAL 4 LEET HAND 5 RIGHT HAND " houy TOLAL 4
SYMimb  TIME SYMBUL  TIME SYMu0L TIME Creater SYMinL  TIME SYMBOL  TEME SYMhoL TIME Grrater
) ) times ot tiles ut
AU TMU | fUSD TMU | USD ™U abantl Wb TMU | eusp TMU | eUSD ™ ot
L] ]
RACS (16" ’ {
-1 tha) 73.0 71.0
» "
*FAC-LY
= 2.0
RLL 2.00 RL1 2.0
Tatal 2.n 22.0 22,0
® [ ‘
RI4E 13.ﬂl R12F 11.8| *RD2 32.0 32.0
3 L |
10) fio to the hack of the machine and climb up:
| #BBM-TW-N6 110,N
*BEM-VD-02 10,0 180.0
» *
. . | ' .
R3NA 23.2| RINA 23.2
Gl1A 2.0| GlA 2.0
Total 25,2 25.2 25,2
* '
| ET 20,0 20,0
3 *
® * []
L1) Start rolline the finished goods on the
ton roller: Identical to operator
col. no. 8 Table C2 !
276,R
‘ RET.N
E * . . oLl
12) Roll finished ponds to desired level I
and make sure that the inside tooth of |
the catch is enzared identical to oper-
ator no. 24 Table C2 ;
74.5 ]
N * |
13) Climh down, raise bench and start rolling 11) Climb down raise bench and start rolling
the finished goods on the top roller the finished roods nn the tap roller in
the same mannet as ahove
ABBEM-VD-02 70.0
|*BBM-\'D—02 70.0 71.0
L * * *
R14A 10.5| R14A 1n.5 I *RD2 3n.qa 32.0
* "
G1A 2.0 GLlA 2.n
M14A40 35.01 M14A40 35.0 ¢ *BD2 32.0
RLY - 2.0| RL1 z.n
RINE 10,5| RINE 10.5
Total 49.5 49,5 2.0 - 49,5
- *® * =
* " 3
R30A 23.2| RIOA 23.2 RIDA 23.2| RINA 23.2
GlA 2.0 G1A To2.0 GlA 2.0 GlA 2.0
Total 25.2 25.2 25.2 Tntal 25.2 25.2 25.2
* L " L]
74.5 4.5
a L L]
14) Get nrvhar and extensfon tube and tighten
both tan and bottom rollers and tack
cloth anto the comb';
260308 30,0| w2xe308 s0.0 | s0.0 .
] L]
1 |

TOTAL

Greater o
44 8 at

I

aR3.N
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HELELR OPL AT 1 1AL
LLFT BACD 1 RIGHT 1IASD 2 BOLY 3 TUTAL 4 LLIT LAND 5 RIGHT HAND 6 Bsopy ; ] b Al 5 B
Syl TTHE LENBOL O TIME SYMRLL TIME Greater SYMboL TIML SYMBUL  TIME SYMBUL TIML i Crvaterr o Litvater o
times ot Liys ot 44 5 et
usn ™y *UsL ™Y *Usp ™U B *uso ™U *Usb MU *usn ™Y ] wiba®
& i TR
R2XRINS SN0 ) R2xBD2 64,0
*IxRD2 64,0
Total 50,0 128.1 128,0
" "
2xP255D 5.6 | 2xp2550 50,6 | 50.6
b * * ) 554.13 554,
—— = ™ *
14) Melp onerator tighten spans 2x4240,0
848n.0 = R480.0 R4RN, 0 B4BN, 1
| | * *
] . *
G. Total 19919.¢

1. Table 2.3 Item 4
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Table C19 Synthesis of '"Preparation-2" by MIM and USD

Operation Name: Preparation-2

Symbol used in Flowchart (Figure Al) to represent operation:

Contents of operation:

OEerator:

1) Cut off power to the machine

2) Pull the autostop lever back into position

3) Crank the gearwheel into neutral position

4) Raise the frame

5) Cut the front yarn with a knife at the cloth line
and with a scissors at the guide-bar

6) Remove the threads from the machine for disposal

Helper:

1) Unlock the machine

2) Open the machine

3) (Cut the shuttle threads

4) Help operator with functions 5 and 6

Purpose of operation:

This precedes mounting a fresh span of cloth onto the machine. The
purpose of this preparatory operation is to detatch the finished span of cloth
from the front yarn and bobbin yarn, in order to set the cloth free for
removal.

Operation starts:

The moment the machine stitches its last stitch and snaps the auto-

stop lever. The operator is at the center on the front side of the machine
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and the helper is at the center on the back side of the machine

Operation ends:

Operator and helper at machine center on the front side of the

machine

Synthetic cycle time: 4.22 minutes
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HELPLR OPEIATOR THAL
LEFT HANU WIGHT HAND BOLY TOTAL ELET HANR RIGIT HAKD uoby TOTAL
SYMBOL  WIME S5YMiOL  TIME SYMIOL TIMI: Creater SYMEOL  TIME SYMROL  TIME SYMBoL TIML Greater lireater of
‘ times at times ut | 4 & b oat
*Usp ™y “Ush ™Y “usp ™U P P P *Usp T™MU +UsD ™U *UsD ™y N N O
1) Place shuttles in apron: - 1) Put picker {n apron, as vou walk to automat
P10% 19.8| #P10B 19.3 RGANS 25.0 | *RBM=-TW-08 140.0
*P24R 24,0
2} Untie arren and nplace on draver top:
2) Uncie apron and place it on the bench as you walk
R2ND 19.8} p2ND 19.8 to the automat: Stop in front of the power switch
cl1c3 1n.8i clC3 1n.8
MG Bm 5.7] MbBm 5.7 R2ND 19.41 R20N 19.8
Tins 2.8 1305 2.8 £1cy ih.8] 61cy 1n.4
G2 5.6} G2 5.6 MARm 5.7 MABm 5.7
H15Bm 12.8] ML5Bm 12.8 T3NS 2.R| T35 2.8
PISSE 9,1 P1SSE 9.1 G2 5.6| 2 5.6
RL1 2.0 RL1 2.0 MINA 27.1| H30A 1.1
Total B3.4 88.4 A8.4 Gl .61 63 5.6
" * RI1NE 10.5| M1OPm 8,9
PISE 4,0
3) Walk to machine locks: RLY 2.0
RLOE 1.5 *W2 49.0
*BBM-TW-04 B0.0 8n.0 Total B7.9 1n2.8 189.0 1B9.n
* *
4) Cet prybar and open tep latch 3) Turn off power to machine
®G308 25.0| *G30S 25.0 R3INA 17.5
TaSM 5.5 T4SM 5.5 G5 (LI
P1SD 11.2| P18D 11.2 MiBm 4,3
M3C 11.8| M8C 11.8(, APL 16,2
APL 16.21 ar1 16.2 RL2 0.0
RIBE 28.9
5) Open bottom latch: Total 46,9 46.9
; " "
M30B 26,2] M3OB 26.2 ! .
G2 5.6| G2 5.6 4) Go ta automat and take up positien in Eront I
P15D 11,2 | P1SD 11.2 of autgatopk
MBC 11.8 ; MBC 11.8
APl 16.2 | AP1 16.2 W1 34.n
TBC2 7.2
6) Replace prybar: Total 71.2 71.2
#* *
*P30LP1 42,0 *P30LPL 42.0
RI0E 22.9| RIOE 22.9 5) Pull Autnston back and reset catch:
Total 205.6 205.6 n5.6
* * *G1AS 19.2
M5A7.5 7.9
7} Go to machine locking lever: R14Bm 11.5
: G5 n.n
I i *pEM-TW-04 80.0 80.0 M3/4A 2.0
* ® RL2 - .0
R14F 13.0
R26A 15.8 | R14A 10.5| TBC1 18.6 Total 53.6 53.6
GlAa 2, G1Cl 7.3 * *
Total 17.8 17.8 18.6 18.6
Lol * 5a) Crank gearwheel to peutral position using
the handlever:
8) Open machine (shuttle rail):
_ ; RI5A 11.4 ] r15A 11.4 | *npd 32.0
AP1 16.2 | M18A?.5 20,8 #FL 13.0 ClA 2,0} GlA 2.0
62 5.6 Total 13.4 13.4 32.0 jz.0
*FAC-LY * *
02 0.0
*FAC-LV M3f4A 2.0
-03 10.0 AP1 16.2
M18A7.5 20.8 HAB12.5 15.7 | MAR12.5 15.7
RL1 2.0} RL1 2.0 AP} 16.2 | AP1 16.2
R20E 20,6 | RI4E 13.0 RL1 2.0 | RLY 2.0
Total 22.6 92.2 13.0 92.2 | Total 33.9 $2.1 52.1
* * " »
9) Walk to machine front nnd crasp top and R2OE 22.9E R2ZNE 22.§| AUN2 2.0 iz.n
bottom rollers » ®
l 1 011 2080 206.0 6) Onen horieontal lock on antomat and use
L b hand wheel to centre machineg horizontall¥:
RIOA 172.6 | R12A 9.6 | *Bn2 2.0 ACINS 25,0 *Q125 IS.OI AAD2 32.0 32.n
GLA 2.0 | 61A 2,0 b . _—
Total 19.6 11.6 j2.0 12.0
L * WFAL-LY
-04 20,0 >
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10OTAL

LLET LACH 1 RIGHT FAND 2 Baby 3 TOTAL 4 LLEFT HAND 5 RIGUT HAND 6 Bony 7 1AL B"
Sytson I LYNBOL O TING SYHUOL TIME L'rr.-.'llur SYMEOL  TIME SYMROL  TIME SYMLOL TIMLE fireater Cieater
sl 7 i i times at tines at | 4L 4 ut

11 Ml us THU usb T™MU EEACT S *UsL ™U *USD ™Y *Ush ™U el R

: MIf4A 2.n
Total 22,0 22.0
* "
MIB7.5 8.2
APl 16.2
Total 24.4 24 .4
* "
MYI/LA 2.0 |E2 71
*FPAC-LY
=0t 20,0 .
Total 22.0 1.3 22.0
* "
RIDE 22.9 | R12E 11.8 | =802 3z.0 2.0
1 * *
|
‘ 7} Go to side of automat and grasp vertical
handwheel and vertical lock.
|
| 55€2 4.1
| *RD2 12.0
| Total 66.1 66.1
] * *
l
D Riaa 1005 | riza 9.6 | #702 32.0
ClA 2.0 G1a 2.0 | :
Total  12.5 1.6 | 32.0 | 12.0
8n2.2 * * £16.8 an2.
® * *
10) Loosen rollers (314501 to enable frame B) Open vertical lock and turn (2:600) vertical

to rise easily: handwheel to raise frame: |
M3B7.5 8.2 ¥3IR7.5 8.2 *FPAC-LV
AP1 16.2| AP1 16.2 N4 20.0 2n.0
RL1 2.0] PL1 2,0 * *

R2A 4.0| RZA 4.0
GlA 2.0| GlA 2.0 T18DL 28.2
M3B7.5 8.2| M3B7.5 8.2 AP1 16.1
APl 16.2] APl 16.2 ‘ RL1 2.0
RLY 2.0{ RL1 2.0 RAA 7.0
R2A 4.0 R2A 4.0 \ GlA 2.0
GlA 2,0! GlA 2.0 T181L 28.2
M3B7.5 8.2| MIB7.5 8.2 APL1 16.2
APL 16,2 APL 16.2 RL1 2.0
RL1 2,0( RL1 2,0 RE6A 7.0
Total 91.2 91.2 91.2 GlA 2.0 I
* * Total 110.8
* * 110.8
RIOE  22.9] RI2E  11.8 | *BD2 32.0]  32.0
* T A 9) Close horizontal lack
AFAC-LY
-N4  20.0
RL1 2.0| RLL 2.0
Total 2.n 2.1 22.0
* *
R12E 11.8| RINE 1n.5 | *BD2 2.0 j2.n
123.2 * * 183.4 1813.
A & *
*55C2 34.1 4.1 10) Walk to helner and take one knife from her:
» "
i *S5 9-"-.01‘ 94,0
11) Open draver (mounted heneath bench): Get *
knives (2) from drawver:
R12A 9.6
ClA 2.0
HM8A 9.7 1
Total 1.3 1.3
* *
i
L) 2.0] R12C 14.2 :
anpit-TV |
=06 30.0
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sy

B B b UPERATUR . (OTAL
LT nasl | | kLT s EOLY W'wm_ i—— — . . T
1 2 3 4 i 1] 5 1T JIAND ol ponyY 3 1AL & y
— ; e - — ) : : bty b M ———
T SMB0lL TIME SFMECL I'IME Grester SYMELL TIML SYMIOL  TIME SYMEOL  TIME fireater Lreater of
UsD ™ - ,_ o ; times at timgs at A6 8t
5 H usn MU usp TMU velNe o hag *USD ™U sUsSD T™MU sUSD MU S, ek kL
#RPH~NY
-01 0.0 i
Total 2.0 54.2 54.2 |
. *
12} Get scipsors (2 nos) from drawer and place i
them on the Lench. Clnse drover: i :
|
Apng-JV ; i
=Ng  20.0
*APH-NV |
-n1 10.0
#P10B 13.0
R12Bm 1.1
c5 0.0
MBA 7.9
RL2 0.0
Total 61.0 61,0 »
* *
13) Hand one knife to operatoer
R12A 9.6) M12A 12.9) *BD2 3z2.0
G3 5.6} G3 5.6
Total 15.2 18.5 32.0 a2.n
* k) n2.6 a4.,n m2.6
L] " *
M12A 12.9 RI1ZA 9.6
G3 5.6 ex] 5.6
Total 18.5 18.5 Total 18.5 18.5 18.5
* * £ ]
14} Walk to far end of machine. Wait for oper- 11) Walk eo far end of machine and climb to the top
ator to start and then proceed: bank
Mi14 229.0
TAC2 37.2 *BBEM-VD-N2 n.n
W14 229.0 Total 299.0 299.0
Total 266.2 266,12 * *
* *
12) Tension froat yarn by roller hefore starting
to cut.
R10A 8.7 M12B 10.0
GLA 2.0
M2B 4.6 PINSE 10.4
AP2 11,6
RLL 2.0
Total 27.3 0.4 27.3
" [
13) Start cutting (top front varn):
l*suz 32.0n 32.0
266.2 * 358.3 3158.13
A * *
15) Tenalon front varn by roller before 14) Continue cuttino,l: Six side steps ner’
startlng to cut section of 3.13 vds. At end climh down.
Total of 18 side stems For a 10 vd.
*Bp2 32.0 32.0 Machine:
* *
| #({18-1)BD2? 564.0
R10A 4.7 M12B 0.0 ¢ TRCL 18.0
GlA 2.0 *RRM-YD-N2 70,0
M2 4.6 PINSE 10,4 Total 632.0 f32.0
A2 10.6 * kel
Rl 2.0
Total  27.3 20.4 2.3 15} Renlace knife in drawer?
L] ]
1 R12A a,6| ML4A 15.8
16} Start cutting (hottem Front varn). 6 side GlA 2.0
stops for each aecticn of 1,33 wds, 3 MAA 7.9
scectiona in a 1D vd pachine: Nemotiate Total 19,5 15.8 19.5
foundation pillar between sectionad ® #
| sExBD2 192,00 | 192,08 HER 8.9
- RLY 2.n




HLLIER UPLIATOR
LEFT HASD \ IIGHT HARD 7 BODY 3 TOTAL 4 LEIFT HALD c RLGHTE HAND 6 BODY TOTAL
SYMEUL TIME SYMiBoL  TIME SYMHOL TIME GTuuu‘r SYMEOL  TIME SYMBOL  TIME SYMBUL TIME Greater
st Ty *USD ™ s times gt times ut
. - U usp T™U L *Usob ™U *UsD ™MU *Usb ™ wr Mgz
WINR 22.4] sse2 34.1 Tatsl 1n.9] 1n.9
PINSE 19,4 #BD2 32.0 - LW
Total 32.8 66.1 fh.1 - )
* b MAA 1.9
| l RLL2 n,n
*AxEDZ 192.9% 192.0 RIZE 11.8] R12F 11.8 !
" * Total 19.7 11. ! 19.7
L]
M3NB 22.4| S5C2 34,1
PINSE 1n,4( *RD2 32.0 16) Pick up acinnprs. Walk to far end of |
Tatal 32.8 66,1 fif.1 machine and climb up
4 *
*RPH=-FV
*6xBD2 192.0 192.0 -N6  20.0 20,0
I *BD2 32.0 * x
Total 224.0 224.0
o) * wWol4a 257.0
#BRM=YD=N2 7100
17) Walk to back of machine for cutting top Total 327.0 3127.0
shuttle threads. Climb to top: * *
*RAM-TW-10 170.0 R10B 11.5
ARBM-VD-02 m.n PISE 5.6
Total 240.0 240.0 Total 17.1 17.1
* * * Y
H12B 13.4 17) fut ton front yarn. 8 scissor <:ul:t.ing2
PINSE 10.4 atroker per roller (= 4N" an the average).
Total 23.8 23.8 9 roller, (one strake of the sciasor)
&* & \
| M2A 3.6
18) Proceed cutting: i M2R(h.R)
] R5B(7.8)7.8
I aeMISB 47.4 | *3xBD2 96.0 96.0 f Total 11.4 11.4
* *
i {The next seven strokes)
19) Cross right hand aide pole. Continue cutting: i
i 1 *7x11.4 79.8 79.8
RL4B 14.4 : !
PINSE 10.4 ' (Far the remaining 8 rollers)
Total 24.8 | z4.8 ;
* * i i *5(17.1479,8)411.4) i
: = 8/10R.1)
| 2:158  31.6 | *2xBD2 64.0 66.0 | = B6E.4 866.4
® * . i * *
20} Cross risht hand side foundatfon pillar and 18) Transfer scissors to left hand and bend down
continue cutting: to nlace scimsors on bench-top.
RINB 25.8 R4A 6.1 MAA 6.1
P1NSE 10.4 G3 5.6 G3 5.6
Total 36.2 36.2 Totral 11.7 11.7 11.7
® H * »
[ axMis8  47.4 I‘JJ:BDZ 96.0 96.0 M1/ Bm 11.4 *AD2 2.0
» * RL1 2.0 *BD2 2.0
Total 13.4 64.N 64.0
21} Cross centre pole and continue cutting: * *
RI&4E 14.4 19) Benln removine.varn Erom tov bhank for dis-
PINSE 10.4 nosal clean-up . 4 cvcles per roller
Total 24.8 24,8 (= 40" on the average) (one cycle)
* ®
R18Bm 15.4
| axMism  47.4 | *3xmp2 6.0 96.0 cs .0
w * ) M8Bm(7.2) 7.2 | 55CA 17.1
TINS(2.8)
22) Cross left hand side foundation nillar and ROAA 7.0| 62(5.6)
continue cutting: M20A(19,2)
19.2
RINB 25.8 APZ(10,6)
PINSE 10,4 e} 5.6] 0} 5.6
Total 36.2 16.2 Total 12.6 46,2 17.1 46.2
* ®
T - (Far other 3 eveles)
| 2xM150 3L FAIxADD L)
U . U . | 3en6.2 118.6 118,64
(Similarly, clean-un the other R rollera)
| |
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15 LIER , OPLRNIOR 1OTAL
R " : 0 - i . : .
LILET HAND 1 RICHT 1IAND 2 BOIY 3 TOTAL -, LEFT HAKNL 5 RIGHT JIAND & oy [OTAL 8! 9
e
SYULOL  TIME [ SYMEOL  TIKE  |SYMEOL TIME Greater SYMEBOL TIME SYMBOL  TIME | SYMBOL  TIME Groater Greater of
times at Limes at d LB et
*ush THU U ™y *USh My -eMee®ea o*USD TMU *Ush MU *UsD ™U B B
23) Cross left hand side pole and continue 1478.4 | 1478.4
cutting " .
R14P 14.4
PINSE 1n.4
Total 24,8 2.9
" * :
|
IxM158 *3xBN2 9h.0
302 2.0
Total 128.0 128.0
- " :
|
24) Climb down to start cutting bottom shuttle | )
threads with left hand : !
*REM-VD-02  70.0 70.0 5
- H
R1ZA 9.6] ML2A 12.9 {
G3 5.6/ G3 5.6 }
Total 15.2 18,5 18,5
» * }
25) Take two side-stens for cuttine between .
shuttle-rail driver shafta {2} c¢ross two »
foundation pillars. i ]
(Retween two driver-shafts) | !
P 1
M12A 12.9
PINSE 1n.4
Total 23.3 3.3 ‘
* * !
‘ | *2x802 64.0 64,0
" *
(For the other 8 segments? i
B{f4.0+23.7) I
698.4 698.4
" * .
26) Negotiate two foundation pillars
2M3n8 46.4 H
2P1INSD 20.8 i
Tatal 67.2 67.2 {
* * ‘? '
b
27) Cut last segment and go to machine fromt:’
*2xBD2 64.0 ‘
RI4E #BD2 32.0 i :
*BEM-TW-08 140.0
Total 236.0 236.0
3 ®
28) Renlace knife {n drawer. Identical as i
onerator col, no. 15 |
19.5 |
10,9 i
19.7 !
L) * |
|
29) Pick up scissora and walk to far end of l
machine
*BPU-EV-
OF 20,0 mn.n
* *
*014 257.0
TRC2 7.2
Tatal 104.2 204,2
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HLLPER OPERATUR TUTAL
LLFT LAND 1 RICGIHT HAND 2 BOLY 3 ToTrL 4 LEFT HANU 5 RIGHT HAND 6 Bouy 7 TUTAL & 5
SYMBOL TIME SYMBOL TEME SYMLOL TIME {ireatcr SYMBOL TIME SYMBOL  TIME SYMIOL TIME Greatur fircater o,
times at times ut 44 5 at
*usn ™U *UsD T™U *UsD T™MU ket *UsSD ™Y *UsD TMU *UsSDL ™U e T
3N) Cur bottom Front yarn. A aclasor cuteing,
strokes per roller. Identical am operator
col. 17, excent for foundatien plllar -
correction.
11.4
9.8
775.2
" "
|
31) Nepotiate two Foundations pillars: 1
| 2xv26n zz.ol #*2x8D2 64,0 64.0
* *
32) Pick up the other pair of sclasors and re-
vlace both in drawer:
R14F 14.2 | *02 53.0 53.n
-
*APH-EV=-
06 20.0
G2 5.6
Total 25.6 25.6
* »
R12A 9.6[ M14A 15.8
GlA 2.0
MBA 7.9 |
Total 19.5 15.8 19.5 |
* *
H6B 8.9
RL1 2.0
Total 10.9 1.9
* *
MAA 1.9
RL2 0.0
R12E 11.8| R12E 11.8
Tatal 19.7 11.8 19.7
* *
27} Climb down
33) Walk to bottom first roller and start
clearing front varn till vou meet the RINE 16.7 | R2NE 16.7 | *RAM-VD-N2 70,0 .0
onerator * *
*3 64.0 £i.0 21) Seart clearing Front varn till vou meet
* * helrer. Clear firat section (2 3/4 roller
. lenaths anrnrox)t Identical as operator
34) Clear firat section (2 3/4 roller lengths col. no, 19,
approx): Identical as onerator col. no. 19
{2 3/4xtxhf,.2
{ (2 /hxbxif,2 508, 2 50R. 2
508.2 508.2 * L !
* *
22) Merotiate risht hand side foundation pillan
d I'unz 32.0 32.0
5 * *
23) Clear mid-section front varn (3 1/2 roller
leneths anprax: Tdentical as onerator
col, no, 19,
|
U
{3 1/2xix46,2) X
RAG. R [ UL
5110.1 * * 40NR.5 | 5119.1
“ * w
35) Helper takes waste varn from eperataor
for disnosal:
R14R 14.4 Y14B 14.6
o3 5.6 ™ 5.6
Total mn.n m.n 0.2 M.z n,.2
* L] L]
\ ‘ |
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HELPLK OPELATON TOEAL
LLFT HAX 7_|‘._ih;i;)i T ‘é‘(;;;"“"“"" "'"'__'('_;A—""‘ N .‘l—:"mrl_f.lé\‘ll f."_'- N 10 TUAL
I HAXD 1 RIGHT 1 2 3 TOTAL 4 LEFT 5 RIGIT LAND 6 hony 7 101AL y 5
SYHiOfL TIMEG SYMBOL TN STMEL TIME Greatere SYMBGL TINE SYMLOL  TEM) SYMEGL TIME GLreater Greater of
times at tomes at 4o B oat
UL ™Y *uin ™U *UsDh T™U LT *usu ™Y *uLh ‘T™U *Usb i) B T .
36) fo ta dispese nff threids and return to
machine centre |
| *RA-TW-10 170.0 11.n 5
" . ;
M1NR 12.2 I
RrL1 2.0 !
Total 14.2 14.2 |
» *
| | smpy-1-10 mml 170.0
. *
| | 0.0 340.0
. * * , _

G. Total 44,7
1. Table 2.3 Item 6

N

. Table 1.3 Item 7

8. Table 2.3 Iten 8§
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Table C20 Synthesis of '"Goods removal operation' by MTM and USD

Operation Name: Goods removal operation

Symbol used in Flowchart (Figure Al) to represent operation:

Contents of operation:

Operator:

1) Mount shield boards on the machine
2) Take the top and bottom gpans of finished goods off the
machine and lay them on the cutting table
Helper:
Agsist the operator in performing 1 and 2

Purpose of operation:

Remove finished goods from the machine to be able to load a fresh
span. All activities are carried on at the back of the machine.

Operation starts:

Both operator and helper are at the machine stand

Operation ends:

Both operator and helper are at the machine stand

Synthetic ecycle time: 8,98 minutes




HELELR OPLRATUR
lHWth! RMNHMDZ LoDy 3 TaraL LEFT 1A of - RECHT 1LAND HOLY 7| TUTAL g
Syranl e SYMROL TIME EYMEOL TINE Lreater SYNEOL  1IME SYMNOL  TIME SYMiaL TIML 1 breater
times ot Limes wt
bl FH EXit *ust THU *Usp TMU LELEL AT “Usb ™Y *ush ™y UsL ™ et
e LuAT @ 2 2 g e - oz ailiserrsann s R R
“1) Go to rack aren, pick up alield boards
{6 nos) and carry them to machine front
center
&RAM-TW-10 170.0
*BD2 32.0
Total 202.0 202.0
" *
R124& 9.6
G1R 3.5
R20A 13.1| M27R12.5
GlB 3,5 24.1 | TBC1 18.6
APL 16,2
M20Bm27.5 H208m27.5
29.1 29.1 | *BD2 32.0
Total 45.7 82.5 50.6 82.5
* &
*BMMeTH ~10x1.5
225.0
*RD2 32.0
*BD2 2.0
Totral 289.0 2B9.0
" ) 573.5
* S *
1) Pick up board no. 5 and mount on top bank: 2) Boards are seauentfally numbered 1 thru 6
Wait for operator ta clear out 1 goes on the automat end & on the far end.
l Pickup board mo. 6 and mount on the bank:
2 49.0 49.0
* * G2 5.6 G2 5.6
M10Bm 8.6 MIOBm 8.6
R10S 11.5| RLOR 11.5 Total 14,2 14.2 4.2
Gls 3.5] ¢1a 1.5 * * :
M10Bm 8.6 MIDBn 8.6
Total 23.6 23.6 21.6 RL1 2,0 T60L 12,3 | *BBM-TW-06x1.5
* * R15Am 9.7 165.0
GlAa 2.0
RL1 2.0} T6OL 12.3| *BRM-TW-N4x1.5 Total 13.7 12.3 165.0 165.0
RiSAm 9.7 120.0 * *
GlA 2.0
Total 13.7 12.3 120.0 120.0 M30Bm7.5 26,2 M3MBm7.5 26.2 | TRC2 7.1
* * P2NSD 26,6 PINSD 26.6
RL1 2.0} RL1 2,0
M30Bm7.5 26.2] M30Bw?.5 26.2| TBC2 7.1 R30E 22,91 RINE 22.9
P2NSD 26,6| PINSD 26.6 Total 7.7 .7 7.1 77.7
RL1 2.0| RL1 2,0 * *
R3ICE 22.9| R3OE 22.9
Total 72.7 7.3 7.1 77.7 BEM~TW=08 110.0 110.n
* & L]
*REM~TW~04 80.0 8n.0 3) Pick uv board no. 3 and mount it on top
* * bank. Do exactly as for board no, 4 in
helper eol. no. 2
2) Pick up board no. 4 and mount it on top banK. d
23.6 23.6
R10B 11.5| RIDB 11.5 75.0 75.0
Gle 3.5| GIB 3.5 1.7 771.0
M1DBm 8.6| MLOBm 8.6 kol ol
Toral  23.6 23.6 23.6
* * 4) Pick ur board no. 1 and mount it on top
bank. Do exactly as for board no. 6 in
RL1 2.01 Te0L 12.3 | *BEM-TW-02x1.5 Onerator ¢o. ne. 2
R15Am 9.7 75.0
Gla 2.0 R10B 11.5| rR1"B 11,5
Total 131.7 12.3 75.0 75.0 G1l% 3.5] ¢18 3.5
* » M10Bnm 8.6 M1OBm 4.6
Total 23.6 23.6 21.%
M3OBm? .5 26.2] MI0Bm?.5 26.2 | TBC2 7.1 * *
PINSD 26.6 | PINSD 26,6
RL1 2.0} RL1 2.0 165.0
RINE 22.9| R30E 2.9 71.7
Teral 11.7 7.7 3T 1.2 11n.0
* . » *
3) Pick up banrd no. 2 and wount it on top
bank. Do oxactly as for board no. 5 in
halpar co. ne, 1
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. URLRATOR it
LoJT 1AL FIGHT (AND BobY 10T, (i . B it Sl
1 2 3 TOTAL 4 LEFT HAND 5l RICHT HAND 6 oLy 7} TOTAL . .
SYMULOL T | SYNBOL  TIME | SYSMBOL  TIME ire - s
! - : b 19 (ircate s S Y M TIML T ur: . . ]
- tip-e;lut SYMBOL TIML: SYMEOL  TIME SYMBOL TIML Greater (ireater of
s T s i . inus & A
ush ™U “UsD ™y etanban|  eUSD MU s T “Ush -~ flf;'.:.:x-t _15_? it )
7.7 T -
#N.0
B21.9 919.5 919.5
* ® "
4) Start removing the finished goods from the 5) Start removing the finished poods (rom the
m/c. Go to the automat and center fram m/e. Go to the automat end and Ret pry-
vertically har
*BBM-TU-10 ARAM-TW-10
(25") 170.0 (25') 170.0
*REM-WD~10 *RBM~WD-10
(2n') 120.0 (15") 9n.a
R14A 10.5| R12A 9.6 | #*BD2 32.0 Total 26Nn.0 26n.0
Total 10.5 9.6 3s5z2.0 352.0 * bl *
* *
&) Get prybar and extension tube and position
GlA 2.0 GlA .0 it on gearwheel:
#FAC-LY-04
0.0 *G30S 25.0 | #G3NS 25.0 25.0
Total 2.0 22.0 * »
* *
*CINS 25.0 | #pp2 32.0
*2CSF(26" *RD2 32.0
- 3Nlbs.) Total 25.0 64.0 4.0
43.0 43.0 * *
* -
.| pessp 25,3 |P2ssD 25.3 25.3
#FAC-LV-04 % *
20.0
RL1 2.0[ RL1 2.0
Total 2.0 22.0 22,0
* * i
“pize 11.8] RioE  10.5 | *BD2 2.0 !
*BEM-TW-C6 110.0 i
Total 142.0 142.0 4
" * 581.0 374.1 581.0 |
*® L] * I}
5) Loosen top apan using prybar tube. Here the time 7} La to i 1 i
required for loosening the cloth has been taken sEen for anamuslog meybar dnd:extenaion |
from the actual observation and inserted, be-
cause 1t was felt that ¥TM-USD Were inadequate
for the purpose. R
| ] 708.4 708.4 708.4
* & x
6) Walk to far end of the machine 8) Replace prybar
#BBM-TH-10 *PIOLP1  42.0| *P3IOLPL  42.0 | *BD2 32.0
(25') 170.0 R30E 22.9 | R3OE 22,9 | *BD2 32.0
*BBM-WD-10 Total 64.9 64.9 b4.0 64.9 |
(15" 90.0 * * |
Total 260.0 260.0 E
* * 9) Climb of and take the cloth off the comb I |
I
7) Climb up and take the clorh of f the comb *BRM-VD-02 70.0 '
R20D 19.8| R2OD 19.8 | *aD2 32.0
WREM-VD-02 70.0 Total 19.8 19.4 102.0 | 1n2.0
R20D 19.8( RI0OD 19.8 | *RD2 32,0 * » '
Tatal 19.8 19.8 1n2.0 102.0
® * Four strkes ara required to disanpgage the cleth
Four strokes rtequiced to disengape Cthe cloth &xGlA 8.0( 4G1B 14,0} *FL 1].0]
4xD3ID 138.8( 4xD3D 138.8
AGLR 14.0 4xGlA 8.0 *FL 13.0 LxG2 22.4| hxRL1 8.0
AxD3D 138.8( 4xp3D 138.8 LxRAD &0, 4
Lx R4 8.0| aG2 22.4 R3IOE 22,9| R3NE 22.9 | *BD2 2.0
4xR6ED 40.4 Total 192,11 Total 224,1 45.0 224.1
RIOE 22.9) R3IOD 22.9 | *RD2 12.0 * * !
Total  224.1 192.1 45.0 224.1 |
586.1 1 391.0 586.1
L] *
" A _
10) Stacken anan {(bv manipulating top roller) -
to facilitate discnnapement of f the lower
comh
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HLLILR —._-;7 o ST i)!lld\lf;l{ 7 LLAL
AT NI iy MV 4 i LET ; YRR Tl
LUFT HANT 1 RIGHT 1AL 2 Loy 3 1UTAL 1 LLEFT HAHD 5 RIGHT NAND o Bony 7 TOFAL M 9
PR (RN ———. DR N— (R IO — R ity
SYnod Tiae SYMBOL Tk LYMEOL TIME Greater SYMEOL TIME SYMBUGL TEME SYMEUL TIML Greater Veeator af
times at Limes at 4Lob ot
*Usp e s THU “UsD ™U R *USL MU *Usb ™U *Usp ™Y S - P
RINA 17.5] RINA 17.5( *FL 13.n i
ClA 2.0| G1A 2.0 i
TINL 3.4
AP1 16.2
Total 44.1 19.5 13.n 44.1 I
* " |
I MIR Z.DI [ 2.0
* *
TI65L 26,1 RLL 2.1 2.1
L] "
ET 15.2x3/1720.0 i
20.0 20,0 !
" Y )
RL1 2,0( Rl 2,0| *BD2 32.0 |
RIOE 22.9{ RIOF 22.9 i
Total 24.9 24.9 2.0 32.0
» i
B) Proceed to disengage span from lower comb. 11) Proceed to disangage snan from lower comb. l
*G30D 42,0 R15B 15.8( *BD2 32.0 R158 15.8 | *G30D 42,0 | *BD2 32.0 ;
G1A 2.0 ClA 2.0 1
Total 42.0 17.8( - 32.0 . 42,0 Total 17.8 42.0 32.0 42.0 | -
- * 5 42,0 * * 166.2 166.2 |
[} * * §
9) Disengape cloth from lower comb 12) Disenpase cloth from lower comb
T180L 28.2 T180L 28,2
AP1 16.2 AP1 16.2
D3D 34.7 nis 34.7
MBBa 7.2 MARm 1.2
AP2 10.6 AP2 11,6
3D 34.7 nin .7
*Pgy *P3R
(22 1/2 1bs) (2 1/2 1bs.)
15.0 15.0
R30NE © 22,9 | R30E 22,9 | *BD2 32.0 RINE 22.9 | RINE 22.9
169.5 22.9 32.0 169.5 Total 22.9 169.5 3z.n 169.5 169.5
* & *
10) Scraighten out comb and lay it 13) Straighten out comb and lay it straight
straight on roller on roller
|
*BBM-VD-02 70.0 70.0 I [ *BBM-VD-02 70.0 70.0
* " * * *
R2ED 23.9 | RIOD 26.7 R2BD 23.9 | R30D 26.7
G5 0.0 (G5 0.0 ‘ G5 0.0 G5 0.0
Total 23.9 28,7 26.7 Total 23.9 28.7 26.7 26.7
* " * % *
6M15B 94.8 | 6M15B 94.8 | *6xBD2 192.0 192.0 fxM15R  94.8 | 6xM158 94.Bf #6XBD2 192.0 192.0
" * i * 3 [
Negotiste left hand side foundation pillar Negotiate right hand side foundation pillar
RL2 0.0 | 55C1(L5")  14.6 RL2 0.0 55C1(15") 18.6
R30D 26.7 RIOD 26.7
G5 0.0 G5 n.n
Total 28.7 18.6 6.7 Total 6.7 26.%
* ® - *
RL2 a.0 SSCL(15™) 18.6 RL2 0.0 Sse1(15"™ 18.64
RIND 26,7 RIND 6.7
GS n.o G5 0.0
Total 26.17 18,6 26.7 Total 26.7 18.6 26,7
L] * - 3
IxMLSB 47,4 | IXMISR  47.4 | #3x¥D2 96,0 ICMISR 47.4 | 3xMISE  AJ.4| #*1xAD2 6.0
RIOE 22,9 | RIOE 22.9 | *apM-TW-0B 140.0 R30E 22.9 | RINE 72.9 | *RRM-TW-NA 140.0
AREM-VD-02 70,0 *ARM-VD-N2 YN0
RIMA 17.5 | RI4B 21.5 | w02 3.0 RINA 17.5 | R240 21.5] ApD2 kPN
CLA 2.0 |CG1A 2.0 1A 2.0 | Q1A 2.n
Total A9.8 9.8 318.0 138.0 Total 89.8 89.8 338,00 13R.0
i
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HELPLR | THLHATOR TGEAL
LLET hasb 1 PIOUT AN BubY 3 TUTAL 4 LEFT 11AND 5 WKECHT HANL o vony gt TGiAL o
SYHaoL TIME SIMEOL TTaE SoURAL TIME Greater SYMEOL  TIME SYMiROL  TIMI SYMEOL, TIMI Grealer CLeater of
times at tingy at ol ol
ush T8 LSD T *L5D TMD el *usp MU *UsD ™U *UspD ™U mateatao sl R
i 1 '
# L] ABN, 0 - . * LY 1P § 680.1
L] L ] - i
i
11} Roll over span on top roller (3''#) mo that 14} Poll over atan on top roller (3"4) ao that |
bottom edge clears shutele rall complecely: hottnn edge clears ahuttle rail comnletely: !
Six mtrokes are required to perform thia 6 Aatroken are required to perform thias
function: function:
6x6.2 33.6 | 6xM4B(27.3) BxM4B(27.5) Axh.2 3.6
18,0 118.n
6xAPL 97.2 BHxAP] 97.2
6xPL1 12.0 fxALL 12.0
SxR4A n.5 SxRA4A 30.5
5xGlA 12.0 5xG1A 1n.n
R20E 16.7 | RIOE 22.9 RANE 22.9( R2NE 16.7
Total 50.3 P11 280.6 Total 280.6 50.3 280.6 280.6
» * * :
| | TRC2 nz 31,2 15} Climb down, half-close the machine using
L * the machine locking ocever, and return:
*BRN-VD=-N2 70.0
*BBM-TW-04 . 80.0
Total * 150,0 150.0
[ L]
R26A 15.8] R14A 1n.5| TRC1 18.4
GlA 2.0 G1C1 7.3
Total 17.8 17.8 18.6 1B.6
* ®
APL 16.2| MIBAT.S 20,8 *F1, 13.n
; Gz 5.6
RFAC-LV~
~NZ m.n
*FAC-LY
=03 .0
M18A 2.8
' RL1 2.n| RL1 2.0
R26E 20.4| RL4E 13.0
Total 38.6 92.12 13.0 92.2
" *
*BBM-TW-04 80.0
) *BBN-VD-02 70.0
Total 150.0 150.0
*® *
16) Release catch on top roller vatchet: fE
RI0OA 17.5| RI0A 17.5| FL 13.0
Gla 2.0| GlAa 2.0
T30L 8.4
APL 16.2 .
Total 44,1 19.5 13.0 44,1
&« *
M2B 4.6
RL1 2.0
Totsal 6.6 [
* .
#G125  15.0 L, 13.0 15.0 | #p12s 15.0] #nL 13.0 15.0
* * 52,2 L * 476.1 476.1
E ] *® *
12) Start unrolifnz span from top roller 17) Start uarolling sran from top roller E
M6R27.5 19.4 | BLL 2.0 RL1 2.0| wem27.5 19.4 '
A0S 15.0 *GIDS 15,0 :
RLL 2.0 M4B27.5 19.4 MAB27.5 19.4] R 2.0 :
Total 1.4 5.4 364 Total 6.4 21,4 36,4 36,4
* ® * »
13) ¥Walk to center pole and raiss roller *G108 15.0 15.0
» »

over spaon to facilitate removal of apan

™l 18.6

HIAM-TH-10

RIOE 16.7| R2OF 16,7

170.0
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HLLPER OPERATOR SULAL
LEIT AL REGITT LIAND BOLY TATAL LLFT HAKD IIGHT HAND 1sDY TUTAL
1 2 3. 4 5 [ 5
SeMmL TIME  [EyMisl, TIME  [SYMEOL TIME lCroater SYMBOL  TIME | SYMBOL TIME | SYMBUL TIME Greater fircater of
) times at times at 4§ 8 at
*USD T™U *Us0 ™Y *Usp ™U L e *USD ™U *1JSD T™U *Ush ™! R DR
Total  16.7| 16.7] 1BB.6 188.6 .
* " !
*GINS 25.0| *GIns 25.0( *FL 13.0
MlRn47.5 21.4( MIBm4?.5 21.4
AP1 16.2| APl 16.2
Total 62.6 h2.6 131.n 62.6
o * 251.2 15.0 251.2
" a
14) Help ooerator by continually raising roller 18) Continue to unroll anan completaly
of f the centre role spoon.
RL1 2.0 MAR27.5 19.4
M3Bma7.5 21.4| M3Bm&7.5 21.4 RGES 10.n| RL1 2.0
APL 16.2( APL 1.2 MEB2T.5  19.4| *GAS 1,0
MIBm47,5 21.4| MIBmAT.5 21.4 RLL 2.0 MAB27.5 19.4
AP1 16.2| APl 16.2 *G6S 0.0
RL2 - 0.0| RL2 0.0 MEB27.5 19.4
*GRS(1N.N) £65(10.0 RL1 2.0
T1805(9.4) T1805(9.4) *G1DS 15.0
10.0 10.0 Total 79.8 50.8 i9.8
THOM 6.5 TENM 6.5 * %
AP2 10.6| AP2 10.6
RL1 2.0 Rl 2.0 RLL 2.0
Total 104.3 104.3 104.3 WGLAS 15.0
* * MLA 2.5
RLI 2.0
15) Walk back to far end of machine: [#] 5.6 *CBS 12,0
M3B12.5 1I0.2] M3B12.5 10.2
RIOE 12.9{ AI0E 22.9‘ *FL 131.0 2.9 APl 16.2| APl 16.2 .
- . RL1 2.0| RLL 2.0
l ] Total 34,0 61.9 61.9
*BEM-TH-10 170.0 170.0
*® *
| l 297.2 * . 141.7 291.2
* * *
13} Proceed to disengage span from top comb 19) Proceed to disengage apan from top comb
*G1NE 22.0] 2C10A 15.0 *G10A 15.0( *GIOE 22.0
T1B0L 28.2| D20 11.8 D2D 11,8 T180L 28.2 |
APl 16.2 APt 16.2 i
R 34.7 Dip 14.7
M12Bml2.5 M12Bml2.5
15.0 15.0
bip 34,7 Dpip 34.7
RL1 2.0| RL1 2.0 RL1 2.0 RLY 2.0
R20F 16.7| R20E 16.7{ TBC1 18.6 R20E 16.7 | R20E 16.7| TRC1 18.6
Total 169.5 45.5 18.6 169.5 Total 45.5 169.5 18.6 169.5
'3 * ) -
| | *sBM-Tw-04 80.0 0.0 | *RBM-TW-04 80.0 80.0
* * X *
%C18E 27.0| *GLBE 27.0 *018E  27.n] #G1BE  27.0
TL80L 5.2} T180L 28.2 T1ANL 28.21] T1RNL 28.2
APl 16.2| APL 16.2 APl 1A.2] APl 16,2
nin 34,7 D3ID 34.7 nin 35.7F BID 4.7
M12Bml2.5 M12Bnl2.5 M12Bml2.5 M12Bml2.5
15.0 1.50 15.0 15.0
k)] 34.7] DID 34.7 n3io 34.71 pIAD 4.7
RL1 . 2o0f Rl 2.0 RL1 2.0| RL1 2.0
RISE 16.5] RI18E 15.5} TBC1 18.6 R18E 15.5| R18E 15.5( TACl 18,4
Total 173.3 173.3 18.6 173.3 Total 173.3 173.3 13.6 173.3
" * * [
| 422.8 422.8 422.R
) " »
14) Return to far end:
| RERM-TW-N4  80.0 80,0
" &
15) Start folding the span each fold covers an- 2M) IFf the snan {s chatructed while hedng ke
prox 18" running or 21 folds for 10 1/2 g, folded frem the same [ollow along till
far end of m/e. 5
RIOE 22.‘1' RINA 17.5| TRCL 1R.6 2.9
’ L . 2x01A 4.0 2xG1A 4,05 *15xR02 4800
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4y

HELELE , DIERATOR
1.7 LAJIrl RICHT 1AKD 2 Loy 3 TIEAL a LEFT HAN 5 RIGHE HAxh 6 Loy 7 T1AL 8
SyYRLel TIME AMEDL TIME S5YMBOL TIME Lircater SYMBOL TIME SYMEOL  TIME SysmnoL TIME Ureater
*usp {4 ] LIS , M . Lhis at times at
: U LU T MU aatetadloaUsSK MY Sp o TMU | *USD ™Y Cwee.
First Fold: - 2xMBR 21.2] 2xMRR 21.2
Total 25.2 25.2 480.0 4800
G5 n.0] a5 0.0 . . |
M30B+mMSH H2INBm 15.6
29.3| RL2 n.o 21) Climb down walk to sfde of cutting table and
R20OE 18.6 wait.
G5
AP 16.2| APl 16.2 . *RAM-VD-02 IN.D
RINE 22.9 *ARM-TW-06 110.0
M1BB17.5 M18R17.5 Total 180,0 180.0
25.5 25.5 * *
Total 93.9 75.9 93.9
* *
The other 29 fords are made identically
20(93.9)
=1878.0 1878.0 |°
* *
17) Get the bundled span and take it to the
cutting table:
RL2Z 0.0| RL2 0.0
*C10S 15,01 #6108 15.0
*
*3pn2 32.0
#BBM-YD-02x1.5
105.0
*RBM-TW-0fx1.5
165.0
(1.5Bulky Load)
M20R 1B.2| M20R 1B.2| *BD2 32.0
RL1 z2.0| RL1 2,0 *BD2 32.9
Total 0.2 20.2 366.0 366.0
* *
18} Start unfolding span on cutting table
20xM16Bm 20%xS8CL(15™)
256.0 372.0
20xAl2 212.0
Total - 46B.0 3zz.n 466.0
* *
] 1 *2xBD2 64.0 64.0 22) Straighten out span on cutting table:’
x * .
R12A 9.6 ] R20A 13.1| *BD2 32.0 32.0
19) Straight out span on cutting table * *
RIZA 9.6] R12a 9.6 9.6 ,
n " 3170.2 ‘ 692.0 3170.2
) * *
GlA 2.0] G1A 2.0 GlA 2.0| G1A 2,0
M10A 11.0{ M10A 11.3 H10A 11,3 | MINA 11.3
AP1 16.21 AP1 16.2 AP 16.2 | APl 16.2
M10AL12.5 M10A12.5 MINAL2.5 HINALZ.5
16.4 16.4 16,4 16.4
AP1 16.2| APl 16.2 AP1 16.2 | APL 16.2
M20A12.5 M20A12.5% M20A12.5 MI0A12.5
25.2 5.2 25.2 25,2
APL 16.2 | APL 16.2 AT) 15.2 | AP1 16.2
RL1 2.0 RL1 2.0 RL 2.0 RL1 2.0
R20E 16.7 | R20E 16.7 R12F 11.8 | RIOE 16,7 *8D2 32.0
Total 122.2 122.2 122.2 Total 117.3 122,2 32,0 122.2
" a I *
20) Walk to machine stand: 23) Walk to machine stand
*RRM-TW-10 ARARM=-TH-NA 110.0 110.0
(25') 170.0 * *
®RRM-WD-10
(15") q0.0
Total 60,0 60,0
* . 82,2 212.2
[} ®

LHALL

Greater of

Do

3170.2

IKR2.2
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ABSTRACT

This research is concerned with the development of normal times,
using Methods-Time-Measurement and Universal Standard Data, for the
operations in the embroidery manufacturing process as épplied to emblem
manufacture. These times may be used as a basis for bidding on pros-
pective jobs.

Machine running time in embroidery manufacture depends on the
number of stitches in a design. An estimating equation for the stitch
count using an artist's sketch was developed to estimate the machine
running time.

A micro-motion film, taken during an in-plant study covers cycles
from 80% of the operations in the embroidery process. This film forms
the raw data for the analysis,

The procedure developéd estimates the normal time for the stitching
of emblems in a consistent and methodical manner, based on certain

physical characteristics of the emblem.





