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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



