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ABSTRACT

ANALYTICAL PROBLEM SOLVING APPROACH TO
LAYOUT DESIGN OF AN INGREDIENT ROOM

By

Patricia J. Sayed

The purpose of this study was to develop an ingredient room
layout in the form of a construction algorithm for the Dietetics
Department of University Hospital, Ann Arbor, Michigan. The systematic,
logical plan for analyses of functions and elements of the systems as
well as subsystems was completed through the development of a form
of a PERT network diagram. The network diagram included identification
of materials (ingredients) and detailed analyses of their volume, routing,
environment and processing time to determine equipment and space re-
quirements.

Industrial engineering principles were applied to eliminate un-
necessary activities, combine like activities and develop simplified
processes. Other analytical techniques included time study and travel
charting as a quantitative measure for minimization of materials flow.
To maintain food quality, hourly deliveries were scheduled from the
ingredient room to production areas as materials were needed for pro-
duction; also, principles of food science and sanitation were incor-

porated into developed procedures. Flexibility was incorporated by
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selection of portable equipment whenever possible as well as equip-
ment to perform diversified processes. Integration of all facets
of the Dietetics Department was considered. Samples of all forms

developed for the study are included along with examples of the

analyses.
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INTRODUCTION

Mass production in industry has been accomplished through sci-
entifically designed plant layouts and equipment thereby permitting
effective use of men, materials and machines. However, application
of similar scientific industrial engineering principles, techniques
and/or analytical tools has penetrated food service systems layout
planning only to a limited extent (32, 35, 42, 56). Scarcity of
skilled personnel and high labor costs emphasize the urgent need
for investigating different organizational methods and systems and
hence, application to layouts for food service (14, 20, 22, 35, 53).
The ingredient room concept has been suggested as a means of "fighting
spiraling costs" (14, 15, 16, 17, 21, 22, 34).

The ingredient room concept involves a separate room or area
for pre-preparative procedures such as weighing, measuring, cleaning,
chopping, slicing, and peeling of ingredients for all recipes. The
ingredients are then issued to the production area(s) by recipe and
preparation time. Such centralization of pre-preparative procedures
decreases the amount of time a cook must spend in performing tasks
such as transporting food items and utensils to and from the work
area thereby freeing his time for tasks commensurate with his skills.
Along with increased efficiency in the utilization of skilled per-
sonnel and equipment, the ingredient room concept could.improve
product quality by controlling ingredient amounts and preparation

times (22).



Basic to plant layout and design is the utilization of a sys-
tematic logical plan for analysis of functions and elements of a
work system. Suggested guides developed by industrial engineers (Lk,
L4L6) and adaptations of these guides to food service (22, 30, 33, 35,

36, 42, 53) are numerous. Through analysis of systems, digital computer
simulation has been used as a technique for effective study of cafe-
teria serving lines (32), dining room seating capacity (31), and

other aspects of cafeterias (47). A mathematical technique has been
developed for quantitatively determining seating requirements for the
dining area of a cafeteria (28). Working with a part of a more com-
plex system, computer programs have been developed for quantitatively
determining and evaluating maximum effectiveness of layouts (2, 6, 8,
38). To provide needed information for study of complex systems, time
study techniques have also been utilized (4, 11, 19, 25, 26, 41, 46, 50,
51). Collectively or individually, these techniques have not been
utilized in planning ingredient room layouts according to available
literature.

It was the purpose of this study to demonstrate the application
of selected industrial engineering principles and analytical techniques
to the development of an ingredient room in the form of a construction
algorithm for the Dietetics Department of University Hospital, Ann Arbor,
Michigan. A systematic outline of the essential steps in planning an
ingredient room was developed following analytical techniques and then,
utilizing engineering principles for determining the required equipment

and space, a layout was planned.



Because management involvement in the development of a layout is
critical to the effectiveness in actual operation, specific objectives
were obtained by interviewing management. These were

. minimize storage and trash within production areas,

. minimize materials flow and handling within and beyond the

ingredient room,

. maximize efficiency within work areas,

. maintain and/or improve food quality,

. build flexibility within work areas,

. integrate all facets of the facility,

. reduce labor costs by minimizing routine tasks of skilled

employees, and

. plan for eventual use of computer time within the Dietetics

Department.



REVIEW OF LITERATURE
Ingredient Room Concept

The application of a centralized materials handling concept to
issuing and handling of raw materials from storeroom to preparation
area is a current trend in food service systems analysis (1, 20, 3L).
However, only limited reports appear in the literature concerning
this concept (14, 15, 16, 17, 21, 22). According to reports in the
literature and personal communications (7, 37, 39), most operators
indicated improved efficiency with centralized distribution of ing-
redients to production areas.

Heinemeyer et al. (22) compared, in terms of labor time and
cost, centralized and conventional methods of food production materials
handling in a hospital setting. From their study, they concluded a
central ingredient unit could lead to more effective use of manpower

resources on the management level as well as for employees.
Industrial Engineering Principles

The systematic approach to layout of industrial facilities
developed by Muther (Lk4) has been supported by Montag et al. (L2)
for application to planning and design of kitchen layouts. This
approach begins with a detailed analysis identifying two basic

elements, materials (products) to be processed and quantities



(volume). Routing sequence of materials is explored within their
environment and related or supporting services are investigated. These
elements are considered in the realm of time. Although accumulation of
this information is laborious, the final layout represents a design for
those materials being processed rather then non-existing materials as-
sumed to be processed. Furthermore, an analytical definition of pro-
cedures, in lieu of established guidelines, enables provision of space
for specified products and volume; hence, only equipment required to
change or modify known materials is needed. Finally, the equipment
requirements are subsequently arranged in an optimized sequence of
materials flow.

For realization of an optimal design, certain principles and
techriiques have been developed and successfully utilized in industry. A
compilation of the principles of work analysis and design have been speci-
fied by Kazarian (30). These include listings of the principles of work
analysis, systems design, layout, materials handling and motion economy.

Also considered are principles of human engineering and safety.

Industrial Engineering Analysis Techniques

Network Analysis

Network analysis is & management tool developed in industrisal
engineering for defining and coordinating a complex set of events,
activities, and relationships to successfully accomplish objectives of
a project. By using a network diagram, a series of operations which

must follow in logical sequence are clearly displayed to management.



Events, or significant points in a project, are represented by geometric
figures such as circles or squares, while activities, or performance of

the tasks, are indicated by arrows as illustrated in Figure 1.

Figure 1. A simplified network diagram.

Listed and numbered in their logical sequence for completion of
the objJective, events indicate the start or completion of & task. In
contrast, activities involve the actual performance of the task; hence,
activities require manpower, materials, space, facilities or other
resources. Together, events and activities in the network depict
definite sequential relationships between and among the basic tasks
involved in the program since no event can be reached before the acti-
vity immediately preceding it has been completed. Upon completion of
the network diagram, time as well as cost for performance of each acti-
vity can be calculated.

According to reports, network analysis provides management with
a means for specifying how planning is to be done as well as for follow-up
to see that it actually has been done and an approach for keeping planning
up to date as work is accomplished or as conditions change (12, 13, u48).
Further, network analysis permits management to foresee the impact of
deviations from the plan and to take corrective action in anticipation

rather than after the fact (12).



Network analysis technique is used by engineering managers in
construction, product manufacture, military and naval contracting, plant
engineering, product and plant design, and many other sequential-type

activities requiring careful planning, control, and review (23).

Analysis of a Work System

Within the complex set of events so developed through network
analysis, objectives or functions must be identified (30, 46). Functions
may be identified for a whole system, but because the whole system may
be comprised of many or few subsystems, subfunctions must also be
pin-pointed (46). As illustrated by Nadler (L46), the highest system
level frequently has functions stated in terms of goals, purposes, and
objectives of the organization; while the next system level might require
functional models related to available resources. Other system levels
require appropriate functional models.

As with network analysis, activities to accomplish functions are
identified (30, 46). By careful analysis unnecessary activities may be
eliminated, like activities combined, or simplified processes may be

developed.

Flow of Materials

As a part of the analysis of a work system, determination of
material flow patterns or routing is an important step. The value of
this step leading to successful completion of & floor plan or layout
has been recognized by industrial engineers (44, L4L6) as well as in
guides developed for planning food service layouts (30, 33, 35, 36, L2,

53). Materials flow is determined by analyzing the sequential steps



of moving supplies through a process and determining the most effective
flow. For an effective flow, supplies or materials should advance
toward completion of the process with a minimum of detours and/or
backtracking (L44).

Industrial engineers have developed numerous techniques for
acquiring and/or analyzing the steps and their logical sequence in
completion of a process. Examples of the various techniques are pro-

duct and operation process charts, flow diagrams, and travel charts

(b, L46).

Product Process Chart. The product process chart or flow process

chart is defined as the symbolic and systematic presentation of the
tasks used in modifying and/or developing a product. These charts may
be developed for & single product incorporating few or many materials.
A similar technique, referred to as multi-product process charting, may

be used for analysis of many products (30, LL).

Operation Process Chart. Symbolically shown on an operation process

chart, is the total view of a production process separated into the
component parts (46). The method a person uses to accomplish a given
task at one work place is investigated by charting the fine breakdown

of motions used to perform an operation (30). In contrast to product
process charting which delineates what is being done, operation process
charting specifies how the task is to be done (30). Thus, this technique
can also be used to eliminate unnecessary motions, develop job break-

downs and plan procedures for new methods.



Form Process Chart. To facilitate the most effective use and

flow of forms necessary for communication within an organization, form
process charting can be used (46). The form process chart is the
symbolic and systematic representation of a procedure used to develop,
modify or handle a form (46). It differs from the product process

chart only in the symbols used in charting.

Flow Diagrams. Flow of materials can be schematically depicted

by use of a technique described by industrial engineers as flow
diagramming. Flow may be diagrammed on scale layout drawings or be-
tween functions with directional lines drawn to indicate the sequential

movement of materials (35, L45).

Travel or Cross Charting. Travel or cross charting is a quantita-

tive industrial engineering technique indicating backward and forward
flow of man or materials as well as distance traveled. According to
this technique, the movements essential to completion of & process are
listed in their logical sequence. All possible combinations of paired
activities for the process are summed and their frequencies are then
entered in a square matrix. From the display of backward and forward
movements within the matrix, the optimum flow of man or materials can
be calculated. This technique may be used to record and analyze costs,
quantities, specific distances, relative importance of materials as well
as flow, singly or combined (2, 18, 30). The various uses of this tech-
nique have been described by Gottlieb et al. (18) and Muther (LL).
Muther (44) has suggested a guide for selection of the appropriate

technique for analysis of flow. According to this guide, selection of
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a technique for analysis of flow is based on the volume and variety of
items being produced. The guide follows.

. For one or a few standardized products or items, use operation
process chart.

. For several products or items, use multi-product process chart.
. For many products or items, combine them into logical groups
and analyze according to one of the above, or select sample

products or items and analyze according to one of the above.

. For very many diversified products or items, use the from-to
chart.

Muther (44) also had suggestions for logically grouping items to
simplify development of materials flow.
By combining all or certain items which are alike
in design we may have a group which will have a common
or reasonably distinct routing sequence. Or items which
are alike in process equipment frequently follow the
same routing. We seek out these groups by classifying
like designs in the former case and, in the latter case,

by looking for items which begin or end at the same

operation or which pass through certain key operations.l

Time Study
Muther (4k4) stated time is the underlying element affecting all

facets of layout development because time is a quantitative measure of

performance within the system (11, 30, 43). Thus, performance time

has been studied through continuous or randomly sampled observations.
Shaw defined time study as "...the analysis of a given operation

to determine the elements of work required to perform it, the order in

1Richard Muther, Systematic Layout Planning (Boston: Industrial
Education Institute, 1961), p. 4-12.
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which these elements occur, and the times which are required to perform
them efficiently."2 Collection of time data requires a familiarity with
existing procedures (30, 45, 50). Forms, designated to provide the
information needed for stated objectives and tested in preliminary
investigations, are essential (25, 30, 45, 50). Application of indus-
trial engineering time study techniques to investigate food production
procedures within hospitals was demonstrated by Stumpf (51).

Time standards, or the time required to repeatedly complete a task
using standard materials, processes, methods, equipment, and environment,
can be used to provide time information needed for layout development
(11, 30). Standard times can be formulated through various techniques (24).
In the methods-time-measurement (MIM) procedure developed by Maynard
et al. (L0), tasks are broken down into small units and time as well
as performance conditions are determined. MIM is used for highly
repetitive tasks performed in short cycles. Universal standard data
(UsD) is a modification of MIM, but applicable to any type of operation
or process (24). Another modification of MIM utilizing a broader break-
down of motion is master standard data (MSD) developed by Crossen et al.
(9). Montag et al. (L41) demonstrated the use of this procedure by deter-
mining times required for preparation of baked pudding and plain yeast
rolls.

Ivanicky et al. (26) reported studies involving preparation,

panning, and cooking time standards for selected recipes of varying

2A.E. Shaw, "Stop-watch Time Study," in Industrial Engineering
Handbook, ed. by H.B. Maynard (2nd ed.; New York: McGraw-Hill Book
Company, Inc., 1963), p. 3-23.
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quantities. In their study, the suggested application of the time data
was scheduling production by use of a computer.

Utilizing the concepts of MIM, USD, and MSD along with a less
broad division of tasks than those developed by Ivanicky et al. (26),
Brown (4, 5) developed some standard measurements of work to establish
time standards. Her study allocated time to "modules" which included
a breakdown of specific tasks and/or elements of tasks for a specific
step in a procedure. Two classifications of modules were defined by
Brown (4). Constant module time never varied because it was not
influenced by other factors such as volume changes and because it in-
cluded one task or groups of sequential or opposite tasks. Variable
module time increased as quantitative factors such as batch, size or
weight increased, and included one or groups of tasks having the same

variable unit.



METHODOLOGY AND/OR RESULTS

The application of selected industrial engineering principles
and analytical techniques will be illustrated through the development
of an ingredient room for the Dietetics Department of University
Hospital, Ann Arbor, Michigan. A systematic outline of the essential
steps was developed and through analysis of events, functions and/or
activities, a layout and the requisite equipment was determined.

The development of a PERT network diagram provided the method-
ology by which industrial engineering principles were utilized for
accomplishment of the objective. The complete network diagram is
shown in Figure 2. The PERT principles utilized in this study
include those involving the development and completion of events,
activities, and relationships; however, time for completion of
activities was not entered. To demonstrate the use of the meth-
odology, the activities which led to completion of each event for

the ingredient room layout will be discussed.

g:) Project Started

The function of the ingredient room was defined as preparation
of "as purchased" food materials for issue to preparation areas in the
quantities, shape and/or state needed for production of menu items or
products. To facilitate planning the following assumptions and/or res-

trictions were made.

13
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. The menu pattern used for the study was based on current
University Hospital menus. Only general selective diet
patient menu items were considered.

. Daily non-changing menu items, such as Juices, dry cereals,
breakfast eggs (other than scrambled), bread, butter pats,
crackers, beverages, and ice cream, were not considered in
the study assuming these items would be issued under the
currently followed system, in which these items are delivered
to unit kitchens as requested to maintain a constant supply.

. Materials purchased in suitable containers for transporting to
production areas and having the content weight specified, will
not be re-weighed in the ingredient room.

. With the exception of liquids, materials will be weighed unless
only measure is stated in the recipe. Water, as specified in
the recipes, will be measured within the production areas.

. Materials will be available from the Dietetics Department
Storeroom as needed.

. Recipes will be issued to the ingredient room having all cal-
culations for specific quantities/production needs calculated.

. The ingredient room will be planned as a construction algorithm
or with no preconceived layouts or dimensions.

. The ingredient room will be planned to incorporate the existing
systems preceding and following the ingredient room.

(:) Menus and Production Sheets Obtained

To determine the materials or foods requiring preparation or pro-
cessing within the ingredient room, a complete set of the 2l1-day menu
cycle was obtained from the University Hospital Dietetics Department.
Corresponding production sheets which included items commonly selected
by patients in lieu of listed menu items were also obtained to facili-
tate analysis of the materials. The menu items listed on the produc-
tion sheets were printed with codes to correspond to recipes and grouped
alphabetically by production areas. A sample of a menu and a production

sheet can be seen in the Appendix, pages 89 and 90, respectively.



17

(g) Historical Production Data Obtained and

(:) Number of Servings per Menu Item Determined

At University Hospital the number of servings prepared per menu
item is recorded daily on a form corresponding to the pre-printed
production sheets. These historical records were utilized to deter-
mine the average number of servings per day of each menu item which

had been prepared for the past five rotations of the menu cycle.

(E) Products Determined

Examination of the menus revealed no consistent daily pattern
in processes (activities) performed on ingredients. Thus, rather than
analyze the complete set of menus, the decision was made to develop a
menu pattern based on preparation processes to be performed in the
ingredient room as well as ingredients (materials) which were repre-
sentative in composition and purchase specifications of all 21 dsys
of the cycle.

Using the production sheets and the suggestions of Muther (L),
menu items (products) were grouped according to the class of food
each menu item represented such as fruit, vegetable, entree, or soup.
Within each group, purchase form, denoted as fresh, frozen, or canned,
as well as number of ingredients required for preparation of the menu
item, denoted as single or multiple, were designated. Then, the number
of times a menu item was served within each of the designated groups

was tallied or recorded in the appropriate columns for each of the 21

days.
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The data were then summarized. Referring back to the number of
servings per menu item, all items receiving less than two orders from
patients were omitted. Means of tallied menu items were then calculated.
If the average was less than 0.5, the class of food was omitted from
further consideration in the developing menu pattern. Products aver-
aging more than 0.5 servings were included in the menu pattern, Fig-
ure 3, to be used throughout the study.

Products containing multiple materials (MM) were further analyzed
and grouped according to similarity of materials. For example, fruit
pie-, cobbler-, and crisp-fillings were grouped and considered as one
product because all contained the same materials. Mixed entrees con-
taining similar materials were also grouped and considered as one

product, denoted in the menu pattern as "multiple material entree."

gg) Projected Number of Servings for Devised Menu Pattern Determined

As a step in determining the quantities of food needed for each
product listed on the devised menu pattern, specific menu items were
grouped under the appropriate product along with the average number of
servings of each item as calculated in Event (:). Data obtained from
historical production records for the number of servings was then
averaged to determine a quantity for each product on the devised menu
pattern. These averages were then used to calculate amounts of

materials needed for the study.



BREAKFAST

Canned & Frozen Fruit Bacon
Muffin, Doughnut or Fried Cake (MM)® Flavored Gelatin
Cooked Cereal Bouillon
Scrambled Eggs _Lemon Wedge
LUNCH SUPPER
Soup: Soup:
Bouillon or Consomme Bouillon or Consomme
Cream (MM)% Stock (MM)®
Entrees: Entrees:

Roast Meat, Beef Gravy (MM)2
Frankfurter on Bun

Hamburger on Bun

Ground Round Steak

Multiple-material Entree (MM)2

Chops or Chicken
Vegetables:
Baked, French Fried &
Whipped (MM)& Potatoes
Frozen & Canned
Salads:
Lettuce Wedge
Sliced Tomatoes
Cottage Cheese
Combination (MM)&
Fruit (MM)&
Salad Dressings:b
Types A, B & C
Sandwiches:©
Bologna
American Cheese
Ham
Leaf Lettuce
Lemon Wedge
Desserts:
Fresh & Canned Fruit
Flavored Gelatin &
Whipped Cream (MM)&
Pie (MM)2
Frosted Cake or Cookies (MM)2

Roast Meat, Chicken Gravy (MM)&

Frankfurter on Bun
Hamburger on Bun
Ground Round Steak

Multiple-material Entree (MM)&

Vegetables:
Baked, French Fried, Whipped
& Multiple-material Potatoes
Frozen & Canned
Salads:
Lettuce Wedge
Sliced Tomatoes
Cottage Cheese
Vegetable (MM)2
Molded (MM)2
Salad Dressings:b
Types Dy E & F
Sandwiches:¢
Roast Beef
Ham

Lemon Wedge

Desserts:
Fresh & Canned Fruit
Flavored Gelatin
Fruit Filling (MM)%®
Cream Filling (MM)&

Dinner Roll (MM)2

8Multiple-materials (MM): More than one ingredient or material
required to prepare the product, such as beef stew.

bPurchased, pre-portioned in assorted varieties or types.

CMaterials sent to unit kitchens in bulk, not made into sandwich.

Figure 3. Devised Menu Pattern used for development of an ingredient

room.
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(E) Recipes Obtained

A complete set of recipes was obtained from University Hospital.
These were used to calculate the quantities of materials needed for

the established menu pattern.

SE) Materials Determined

To facilitate the analysis of determining materials needed for
products prepared from multiple ingredients or materials, the form
shown in Figure U4 was developed. In addition to materials, the prepa-
ration activities to be performed on each material within the ingre-
dient room were identified and recorded on the form.

From all recipes, quantities as well as purchase form and prepa-
ration activities of each ingredient were extended across the form.
Analysis of the compiled data involved calculating the mean of the
number of times each activity was used based on the total number of
multiple-material products recorded. Averages were rounded to the
nearest whole number. These figures were then used to select materials
which were representative of the mean number of activities. All activ-
ities performed on materials were included.

Materials having similiar characteristics such as storage place,
purchase unit, consistency, and/or quantity were then grouped (e.g.,
baeking powder, cream of tartar, baking soda became "baking powder";
all spices became "spice"; tomato paste, puree, tomatoes became "#10
can, not drained"). Thus, this grouping included representative

samples of materials or ingredients which were similar in nature.
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g;) Quantity of Materials Determined

Using the "Quantity" information from the form illustrated in
Figure 4, averages were calculated for each of the materials. For
example, quantities of items which had been grouped as "baking powder"
were averagéd based on the number of items which had been grouped into
the "baking powder" category.

Products of both single and multiple-materials were then sum-
marized on a form as shown in Figure 5. Information on specifications,
quantity per number of servings, and activities for single-material
products was obtained from historical production records and corre-

sponding recipes.

ﬁﬂ} Materials Dimensions Obtained

After determining the specific foods or materials which would
require processing, it was necessary to analyze the space requirements
of these materials. Therefore, the materials were grouped according
to packaging media (PM) in which they were received and the place of
storage after receipt. Packaging media were listed as case, crate,
box, carton, or sack while storage places were identified as refrig-
eration, freezer, or dry stores.

Using a standard steel tape measure, the height, width, and
depth dimensions of all PM were physically obtained at University
Hospital. For spices, baking powder, flavorings, and similar materials
packaged in containers of varying sizes, the length of shelving con-

taining the 29 items used in the production areas was measured. Two
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average height restrictions of 5 and 9 in. were defined as well as two
average depth restrictions of 3.5 and 6 in. by measuring the containers

of maximum height and depth.

_§5> Functions within Ingredient Room Specified

To outline the sequence of operations in the processing of
materials within the ingredient room, it was necessary to delineate
specific functions. The over-all function of the whole system or
ingredient room was to provide materials as specified in the recipe
to production areas. Sub-functions were identified from the activities
specified in Figure 5. One sub-system was designated as materials
processing. The identified functions for this sub-system are shown in
Figure 6.

A second sub-system within the ingredient room concerned materials
distribution. Within this sub-system, certain functions were identified

as shown in Figure T.

@ Related Functions Outside Ingredient Room Specified

Functions within the Dietetics Department which were related to
the ingredient room were identified. These are listed in Figure 8

with the relationship to the ingredient room specified.

@ Procedures Developed

As a preliminary step in the analysis of materials flow and use
of travel charting, the sequence of activities for processing materials
to accomplish the functions listed in Figure 6 were developed. All

materials included in the comprehensive menu pattern (Fig. 5) were
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grouped according to the functions and activities within each function.
The groupings were further refined by combining materials requiring the

same activities of pre-preparation.

_FUNCTION ‘RELATIONSHIP

Pot and Pan Washing Wash soiled re-usable containers
and mobile carts

Storeroom Supply "as purchased" materials

Clerical Supply communication of material
needs

Cooks production area (C) Product preparation

Vegetable production area (V) Product preparation

Salad production area (S) Product preparation

Area portioning of salads Assembly of materials (products)

and desserts (A) for serving areas

Bakeshop production area (BS) Product preparation

Figure 8. Functions related to the ingredient room.

General procedures were developed for each activity within the
specific function. All procedures were based on volume of materials
processed as well as principles of food quality, sanitation, materials
handling, human engineering, and safety. An investigation of types of
cqntainers and means of transporting materials was made by contacting
organizations maintaining ingredient rooms (7, 37, 39). Also, since
quality of food materials is maintained with minimel handling, con-
tainers in which materials would be placed during processing in the
production areas were selected as transportation containers (TC) when

possible (e.g., potatoes for the product, Baked Potato, were placed
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in 18x26x1 in. sheet pans). Mobile carts (MC) were planned for the
delivery of materials from the ingredient room to the production
areas. After utilizing the materials, empty re-usable and disposable
TC were to be returned to the MC. The existing Pot and Pan Washing
Aresa within University Hospital Dietetics Department was planned for
washing carts and re-usable TC as well as dispensing with disposable
TC.

As an example of a procedure, the washing activity within the
Cleaning Materials Function, may be accomplished by using sinks of
varying depths (35). However, spray-washing is a more effective
method for washing fruits and vegetables (3). Therefore, the latter

method was selected. The procedure is graphically presented in Figure 9.
Spray. Sink (containing wire basket)

T

Disposer /NO : k~ “Drain board

\
Employee Store for
A.P. Produce portioning or
further processing

——3> Basket Flow

Figure 9. Example of a procedure diagram in which fruits and
vegetables are washed.

The sequence of activities performed on each material within
each function was next diagramed indicating related equipment needed

and activities as shown for washing cucumbers in Figure 10. All
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grouped material flows within each function were diagramed to provide
a comprehensive picture of the work being performed and show flow
between related functions within and outside of the ingredient room.

An example is given in Figure 11.

Wire Vegetable Plastic
basket peﬁrer bIn
Open P;i::::aish yPeel »Place in TC———Temporary

storage (for

Portioning
0 a Function)
2
bS]
o
5 o —
e o
d g
Trash =
Pot & Pan Disposer
Washing
Utensil
Washing

Figure 10. Flow diagram of cucumbers through Cleaning Materials
Function.

1&;} Materials and Paper Flow between Functions Developed

After establishing the sequence of activities for processing
materials within each function, the materials flow between functions
was developed. Specified functions as shown in Figures 6 and 7 were
classified into three categories: (1) those through which all materials
traveled, (2) those through which more than one, but not necessarily
all materials traveled, (3) those which evolved as a result of materials
flow. Functions within Category 2 were assigned a number. The
categories and functions, with the numerical identification where

applicable, were listed.
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SET RK
Refrigerate
4 ™ 1,12 Storage
'_1. +
A 3
< Portioning
Go: o 0y o S 3 H i A
= e 5
e = — >
T\ [ Ty —~ ord
— Q +
L o — é:)
= g
'_‘
> T PEEL 1 %
2 JE I (7 SR ; &
b DISPOSER! )
(48} o] ef)
o} I 3 a
1 WASHING 9 g
@ 8
b -
1} L];,Ir - Packagin
Clean | ! Changing
.----I-gt_,boileu Shape
' (o] & an,
.. Washing_,
Numerical Code of Materials: Symbolic Code:
1 Bananas 9 Lemons — Activities within Cleaning
2 Cabbage 10 Lettuce, Head CAPO) Function
3 Carrots 11 Lettuce, Leaf
4 Celery 12 Onions Related Functions within
5 Cucumbers 13 Parsley asel|ingredient room
6 Escarole 14 Potatoes, Idaho
T Fresh Fruit 15 Radishes :Iower:Related Functions outside
8 Green Pepper 16 Romaine . case'ingredient room
17 Tomatoes
ey 7 . 1
CAPS1Major Equipment required
Routing of specified
—> materials &/or described
information
Figure 11. Comprehensive materials flow for the Cleaning Materials

Function.
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Category 1:

Assembling Materials
Delivering Materials

Category 2:

Opening Cans

Dry Storage

Cleaning Materials
Portioning
Packaging

Changing Shape
Panning

Breading

Storing for Assembly
Refrigerated Storage

O\ O O0W FWMh K

)

Category 3:

Utensil Washing
Accumulated Trash Holding

All materials were next listed in alphabetical order and the
number of times each material was to be portioned (or processed) per
product for the entire day's production was tabulated. Using a com-
prehensive materials flow for each function as shown in Figure 11;
the sequence of material movements between each function was sum-
marized. An example of the tabulation can be seen in Figure 12.

After the procedures and materials flow between functions were
identified, a paper system was developed to communicate material
requirements from the related clerical function to the ingredient
room functions. Figure 13 presents the complete flow diagram of the
paper system for clerical, storeroom, and ingredient room functions.
Two forms of printed information were planned to be distributed to
the point of use, pre-printed lebels and computer print-out of

processes and recipes in requisite volume as enumerated in Figure 13.
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Cleaning Panning-|
s Breading
_—] 3 ¥
Storing for
Assembly

Numerical Code of Paper: Symbolic Code:
1 List of total material needs per Functions within

delivery time ingredient room
2 Gummed labels for fresh fruit menu . _____Related functions

items + vol ! ____loutside ingredient

room

3 Gummed labels for panned &/or

breaded menu items + vol iRouting of specified

paper

4 Pre-printed roll of labels with mate-

rial title for those materials not

readily identified by visual inspec-

tion (e.g., salt and sugar)
5 Recipes converted for no. of

servings required
6 Priority listing: Developed and

explained in sequence of its

creation, pp. L9-50
T Change shape labels of materials

requiring the same shape, but for
more than one product (e.g., chopped
green pepper for soup, salad, & MM Entree)

Figure 13. Paper system flow diagram from clerical to ingredient room.
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_QED Arrangement of Functions Determined

From the sequence of material movements between functions, a
portion of which is shown in Figure 12, all combinations of pairs were
tallied to isolate the movement of materials between functions or pairs.
The pairs where movement was found were listed, accompanied by the sum
of the tally to identify the frequency of movement between pairs as

shown in Table 1.

Table 1. Frequency of Material Movements between Functions.

W
From To Frequency
1 (Opening Cans) L 14
1 9 (Storing for Assembly) 12
2 (Dry Storage) L 35
3 (Cleaning Materials) I 1k
3 7 2
3 10 3
4 (Portioning) 2 39
L 3 1
I 5 119
N 10 L7
5 (Packaging) 6 13
5 9 115
5 10 28
6 (Changing Shape) 10 15
7 (Panning) 10 13
8 (Breading) 7 1
10 (Refrigerated Storage)| L 2L
10 6 2

As suggested by Muther (LL) for travel charting, the forward and
backward movement or intensity of flow between two pairs of functions
was summed and ranked. By ranking, the order of most important rela-

tionships was indicated. These results appear in Table 2.
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Table 2. Ranked total movement between functions.

Movement Total

Rank| Pair Forward | Backward | (Intensity of flow)

1l 4,5 119 0 119

2 5,9 115 0 115

31 2,4 35 39 T4

4 | 10,4 LT 24 T1

5 10,5 28 0 28

6 6,10 15 2 17

T 3,4 14 1 15

8 1,k 1k 0 14

9 5,6 13 0 13
10 7,10 13 0 13
11 1,9 12 0 12
12 3,10 3 0 3
13 3,7 2 0 2
1k 8,7 0] 1 1

The logic for diagramming relationships in space,3 described by
Muther (Ll4) was next employed to locate the ranked numerically coded

functions as illustrated in Figure 1l.

Gl [ B9 [€]
Gl B

Figure 14. Diagram of ranked numerically coded functions in space.

To utilize the distance factor travel chart for the arrangement
of two parallel rows described in the Appendix, pages 91 through 9L,

the spatial placement of the functions was further evaluated. Because

3The logic relates to Activities Relationship charting which
aided in selecting a beginning arrangement for travel charting. This
method resulted in an arrangement allied with the travel charting
solution.
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the Function pair of 4 (Portioning) and 5 (Packaging) obtained the

highest priority and because in reality they were considered to be

inseparable; they were combined.

were also considered inseparable, they too were combined.

Since 7 (Panning) and 8 (Breading)

Furthermore,

since Function 9 (Storing for Assembly), was a function critical to all

but refrigerated materials, it was omitted for this part of the analy-

gis.

Figure 15.

[1] [2] -8 [o]

3] l-sf a0 [6]

Diagram of two parallel rows of functions.

This resulted in the following two parallel rows (Fig. 15).

Formulating this configuration altered the movement between

pairs. The effects have been summarized in Table 3.
Table 3. Affects upon pairs resulting with elimination of Function 9
and combination of Functions L-5 and T7-8.
Total Results
Function |intensity Movement Intensity
(Pair) | of flow Change Pair Forward | Backward | of flow
4,5 119 Eliminate - - - -
5,9 115 Eliminate - - - -
2,k4 n Function no. 2,4-5 35 39 T4
4,10 T1 Sum: 4,10
5,10 28 & 10,5 4-5,10 15 24 99
10,6 17 No change 10,6 15 2 17
3,4 15 Function no.| 3,4-5 1L 1 15
1,4 1L Function no.| 1,4-5 1k 0 1k
5,6 13 No change 5,6 13 0 13
7,10 13 Function no.| 7-8,10 13 0 13
1,9 12 Eliminate - - - -
3,10 3 No change 3,10 3 0 3
3,7 2 Function no. 3,7-8 2 0 2
7,8 1 Eliminate - - - -
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Using the distance factor travel chart in the Appendix, page 91,
the spatial arrangement of two parallel rows of functions (Fig. 15),
and the revised backward and forward movement figures (Table 3);
arrangements were constructed and compared to obtain the "good" solu-
tion for minimizing materials flow. The arrangement having the lowest

resulting index factor is shown in Figure 16.

To
1 3 2 WLr7810 0 &
Ul ' 4 v
1 _-l_____'l);l____: _____ ;--_
3 ' dh 1213 '
23 B A\ N5 T
L-5 '1 139, ‘751 113
From 1 : ' [}
- .--:L ..... :...4-- '.1.3.--.:--.
10 ¢ o4 | 115
0 : ______ N
6 ; 2]

Figure 16. Final travel chart of least distance traveled.

It can be seen in Figure 16, for example, that the lateral move-
ment from Function pair 4-5 (Portioning-Packaging) to Function 2 (Dry
Storage) as well as the backward movement from Function 10 (Refrig-
erated Storage) to Function pair U4-5 was indicated because it resulted
from storing materials which had been opened and not totally utilized,
such as a 30 1b can of beef base from which 1 1b was weighed. Since
the greatest majority of materials traveled in a forward direction,
backtracking as well as material flow was minimized with the arrange-

ment shown in Figure 15 accompanying the travel chart solution (Fig. 16).
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This numerically coded arrangement (Fig. 15) was then placed in
the traditional Function Flow Diagram illustrated in Figure 17. Func-
tion 9 (Storing for Assembly) was added as well as the related functions
outside the ingredient room. The directional arrows indicating inter-
relationships were drawn from the travel chart constructed from the
information in Table 1. Relationships shown between related functions
were drawn from the flow diagrams similiar to Figure 11, but specific

for the procedure developed for the function being illustrated.

@ Equipment Needs Determined and

@ Equipment Dimensions Obtained

Procedure development enabled the identification of minor and
major equipment required to change or modify materials. Examples
of minor equipment included utensils such as knives, measuring
spoons, cups, quarts, gallons as well as transportation containers
(TC) such as pans, bins, plastic bags. Major equipment included
machinery to change the shape of materials and mobile carts (MC)
to transport materials between functions. Catalogues for minor
equipment were obtained from institution kitchen equipment dis-
tributing companies. MajJor equipment was investigated by observation
and/or use of machinery in operation and through discussion with
manufacturing company representatives. All equipment was evaluated
in terms of composition, ease of operation and cleaning, National
Sanitation Foundation (NSF) approval, ability to perform one or many

material modifications, speed, and cost.
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! ' Breading
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A- ) Cleaning Materials Portioning- Refrigerated Changing
. Packaging Storage Shape
] } v

' ' '

' : ? T
: Mo i ao -n.--)l

] ]

] ]
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' Storing for !

' Assembly '

' X :

] > 1)

: , |

] . |

, \ ¥
Pot & Pan (& ca.rt)< __________ Production Clerical

Washing Areas (Inventory)
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Major equipment which directly affected procedure time was
selected. Enough information was obtained to enable selection of
the type of equipment; however, capacity was determined during space
requirement investigation (Event ). The list of equipment which

follows is accompanied with the reasons for selection.

Equipment Reason for Selection
Vertical Cutter/Mixer (VCM) Quality of material produced.
Hobart Manufacturing Company Potential for future use:

Chop rather than shread cabbage.
Combine certain materials within
the ingredient room.
Ease of operation.
Ease of cleaning.
Speed and safety.
NSF epproval.

Automatic Meat Slicer,

Hobart Manufacturing Company Large opening chute and fence
attachments, providing diver-
sification and material quality.

Ease of operation.
Ease of cleaning.

Speed and safety.

NSF approval.

Heat Sealer, Sentinal Heat- Complete seal, thus preventing
Sealer, Packaging Industries spillage potential.

Closure which prevented use of
tape or staples or any other
means of sealing the container
which potentially could become
extraneous foreign matter in the
product.

Ease of operation: Both hands of
employee free to hold package
since sealer was foot operated.

Electric Scale, Toledo Weight in decimal part of a 1b.
Manufacturing Company Accuracy for quality control.
Reduction in calculations through-
out the paper system.
Ease of operation.
NSF approval.
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Using the material and equipment dimensions along with the portion
size specified in the recipes, capacity per pan was next determined. For
example, the number of heads of lettuce that would fit in the basket
during the washing activity and the number of lettuce wedges that would

fit in an 18x26x1 in. sheet pan were calculated.

1529 Time for Performing Procedure Tasks Completed

Establishing the time required to perform each activity was nec-
essary to schedule processing of materials through functions to meet
production deadlines. From this information the peak preparation load
within the ingredient room as well as the amount of equipment needed
was determined. To obtain this information limited time studies were
performed in the Dietary Department at W.A. Foote Memorial Hospital in
Jackson, Michigan. The average bed capacity was 275 during the obser-
vation period from November 20 to December 5, 1969. The existing menus
were concurrent with the 2l-day menu cycle used at University Hospital;
hence, the times for the required activities were easily obtained. Man-
agement approval as well as employee cooperation and understanding were
obtained through scheduled meetings. It was established that no changes
would be made in the existing preparation procedures; also production
deadlines would not be interrupted during the collection of time data.

As the first step, tasks required for completion of the activi-
ties of the procedures described within each ingredient room function
were specified. Since work involves & general breakdown of get ready,
change or modify materials, and clean-up, this division was used to
categorically list the specified tasks as shown in the Appendix, 95 and

96.
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Having identified the tasks, pertinent information desired for
this study was isolated. Inspection as well as operations at one
work place which did not add value to the material and/or operations
which directly modified the material were timed. Recalling the as-
sumption that the layout sought was a construction algorithm, move-
ment and temporary or controlled storage were omitted. These were
recognized as existing; however, they were considered variables
which changed as physical arrangement and storage systems changed.

Directly related to time was the quantity of materials handled
and the equipment and utensils used; therefore, this information was
desired. To determine the length of time required to perform each
task, a common denominator of quantity units was defined. For ex-
emple, the common unit of "1 1b" was established for the task of
weighing dry materials. The final time determined could then be
stated in time per unit or, in view of the cited example, minutes
per pound.

The beginning and ending points for timing each task were es-
tablished. For example, timing the task of opening cans began when
the can was placed at the opener and stopped when it was removed from
the work table. A stopwatch was used for collecting continuous time
to the nearest whole second. The form appearing in Figure 18 was
developed to record the desired information and for analysis of the
collected data. A sketch of the work areea was included to define
limitations for data collection, thus avoiding recording time spent
in travel. Because only operations and inspections were observed,

the symbol for "inspections" was recorded while a blank space denoted
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the "operations" symbol in the first column of the form. Specific
operations or inspections were noted as observed in col 2. Quantities
of materials (col 3 and U4) were recorded as seen and confirmed verbally
with an employee. Time change of operations for the defined tasks

were recorded on the appropriate line of the form without stopping

the watch. Using the cumulative record, the elapsed time for each
operation was derived by subtraction during analysis. The size and
quantity of equipment, utensils, and/or containers used for material
modification were recorded during observation.

The task of peeling was used to show the method of analysis
following collection of data. The sequence of operations included
picking up one unit of material, peeling the unit, dropping the peel
into the disposer and placing the peeled unit in a sink filled with
water or in a storage container. The recorded data and analysis for
peeling of onions is shown in Figure 18.

To reduce human errors as well as differences among units of
materials, the time required for handling three units was averaged.
The average was then considered as one replication of the time re-
quired to perform the specific task on one unit of material. For
example, the total time required for peeling three onions, or T5 sec,
was entered in col 10 and the average time for each replication, or
25 sec, was entered in col 11 (Fig. 18). Time for each replication
or unit was then entered on a form as seen in Figure 19.

Because of the wide range of times required for peeling various
materials, two divisions of time were established. A "high" time was

needed to peel materials such as onions while a "low'" time was
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required for materials such as carrots, bananas, and cucumbers. The
number of replications required for validity was determined using a
nomograph described by Nadler (45). When feasible within the limita-
tions of this study, the minimum number of observations was made. Data
were averaged and the mean used in this s‘c.udy.)+ Time factors were
established for all tasks listed in the Appendix, pages 95  and 96.

For selected equipment not used at W.A. Foote Memorial Hospital, time

factors were assumed based on the manufacturers' specifications.

Function: Cleaning Activity: Peeling,
Materials High time
Date Rep Material Unit Time, sec
11/20 1 Spanigh Onion | 1 each 34
11/20 2 " " " 38
11/20 3 T " " 29
11/20 4 U 4 7 25
1/21 5 n n n 25
1/21 6 L T m 25
g1/21] 7 m " T 27
11/21 8 " " " 28
AL A S B i W
P T T N TV A
Sum: 322
Range: 25-38 (13)
Mean: 28.8- 29

Figure 19. Example of form used to summarize time data.

Established time factors for the specific tasks were then used
to determine relative times for performing the procedures defined in
EventCE). Relative times were used because no allowances were made

for distance traveled, storage, or performance delays. Each procedure

hTime factors derived for this study are based on limited obser-
vations; hence, they should not be considered as time standards.
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per function was then charted as illustrated on the form shown in
Figure 20 using a modification of multi-product process charting as
presented by Muther (LlL).

Based on the time modules described by Brown (4), time factors
were sorted into four categories. For the first, constant time was
defined as that which was not changed by the volume of material handled.
For example, placing a paring knife on a work table was a constant time.
Variable time, the second category, was considered as the time which
increased as volume increased. For example, 0.10 min was required to
measure 1 qt of dry material while 0.3 min was needed to measure 3 qt
of the same material. A third time was that which changed as the ratio
of material to equipment capacity changed. One roasting pan, for
example, was needed for four 10 1lb roasts while an 18x26x1 in. sheet
pan, was used for fifty 4x2x2 in. baking potatoes. The sum of these
three times as charted provided the length of time required to perform
each procedure per unit. The fourth category of time noted included
the time involved in cleaning the work area and equipment. These times
were isolated since the tasks would not necessarily be performed after

processing each material, but rather after processing numerous materials.

_SE» Peak Production Load within Ingredient Room Selected

A decision to deliver materials to the production areas on an
hourly basis beginning at 8:00 A.M. was made to minimize storage of
processed materials within the ingredient room. Using the comprehen-
sive listing of the established menu pattern (Fig. 5), the food produc-

tion manager of the Dietetics Department at University Hospital was
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interviewed to obtain specific times necessary to deliver materials
per product per meal to each production area. This information was

recorded on a form as shown in Figure 21.

Time materials/product_—é
Production Serv/ | needed in production area
Meal Area Product Meal 5167189101112
Breakfast|Salad (S) Fruit: _}
Canned 10 v /
Frozen 10 v §
Bakeshop Muffin or | 200 |V \
(BS) Doughnut or |
Fried Cake 1
S Gelatin 25 S
Cooks (C) Cooked cereal | 300 |V [
Cc Scrambled eggs| 300 [V )
C Bouillon Lo v 1
Assembly Lemon wedge Lo A V4
(a) AN
Lunch C Gravy 300 v/ )

Figure 21. Example of form used to tabulate delivery times to
production areas.

The materials were then grouped according to production areas
and the designated delivery times. Using a form as shown in Figure 22,
material amounts were entered after pound weights had been converted
to decimel parts of a pound (52). Place of storage, refrigerator,
freezer, or dry storage, immediately prior to delivery to the ingre-
dient room was also indicated.

Using the alphabetized listing of all materials and the informa-
tion recorded as shown in Figure 22, the quantities of each material
were recorded per hour as shown in Figure 23. The sum of the total

number of materials requiring portioning and packaging through the
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1R Order
Prod | Serv/ 2 Fzn| of
Time | Area | Meal [Batches|Product Material Amt 2 3 Dr, prepb
1:00 | V 625 1 Baked |Idaho potato 625 1 23
P.M. potato |Veg. shortening| 3.125 3 5
300 2 Whipped|Margarine 4.000 1 25
potato |Whole milk pwd.| 9.000 3 L
Salt 0.750 3 T
Ins msh potato |21.000 3 6
1:00 | C 250 1 Chicken|Chicken base 0.563 1 27
P.M. gravy |Cooked Roux 3.500 1 26
Egg shade 3/h t 3 10
8pAmount in decimal part of pound unless otherwise specified.
bSpecified order of preparation in Portioning Function.
Figure 22. Example of materials categorized by time needed within
production areas.
Numerically coded listing of Summary of
alphabetized materials materials
Delivery Total | Number
time 1 80 | 81 | 82 | 83 6 | 97 number |of kinds
. 063 2e
9:00 A.N. f f v { f
28 25
.375
10:00 A.M. .375
. 863 28 18
.99413.125| 2T |100
1:00 P.M. .375 1/20
325 49 39
2:00 P.M. } ? {
Mw f“"
Figure 23. Example of quantities of materials required within

production areas per hour.
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ingredient room per hour were determined. Within this total, like
materials were combined and a total number of kinds of materials was
calculated. For example, three quantities of salt (material No. 80)
were required at 1:00 P.M. All three of these entries were considered
for the total number of materials; however, salt was counted only once
for the total number of kinds of materials.

The criteria for selecting the peak load of production within
the ingredient room was based on the time period having the largest
total number and kinds of materials. However, the period was examined
to insure that all activities within all functions would be performed.
Also, the highest volume to be processed per material was required for
the period. The time period of 1:00 P.M. met these requirements.
Therefore, the materials and quantity processed during this period

were used to determine space requirements of the ingredient room.

@ Space Requirements Determined

To determine space requirements, the events:. Materia.l‘ and
equipment dimensions@, peak production load, and arrangements of
functions(:>were summarized. Also, a priority listing for performing
the activities within the ingredient room function of Portioning was
developed in view of food quality, sanitation, and materials handling
principles. Because of possible microbial growth and quality deteri-
oration, processing of refrigerated foods was scheduled following
processing of non-refrigerated foods. The sequence of weighing,
measuring, and finally counting was determined for orderly processing

rather than, for example, measuring followed by weighing and then back
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to measuring for a third material. The sequence of what to weigh or
measure was &also established to avoid repetition of having to process
the same material within a small time span, for example, weigh flour
then weigh baking powder for the same product, followed by weighing
flour for the next product. The completed priority in decending order

of preparation can be seen in Figure 2.

— L
§torage Place Process Preparation
Dry Weigh Large bulk containers
Small containers
Cans
Measure Teaspoons or tablespoons

Cups or quarts or gallons

Count As required
Refrigerated Weigh As required
Measure Teaspoons or tablespoons

Cups or quarts or gallons

Count As required

Figure 24. Priority listing for processes in Portioning Function.

Using the data entered for materials categorized by time needed
within the production areas, the order for processing materials within
the Portioning Function during the 1:00 P.M. peak production period
was established. All products were assigned a number to facilitate
analysis. The priority information (Fig. 24) was then used to record
the order of processing materials in numerical sequence. An example
in the "Order of prep" column is shown in Figure 22. Materials of the
same kind were given the same processing number, for example, every time

flour appeared it was given a "1".
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The accumulated and/or calculated data on material and equipment

dimensions, time, and materials flow were entered on the Space Require-

ments Analysis Form, illustrated in Figure 25.

Material dimensions

(Event) were used to calculate cubic and square inches occupied

by specified quantities of materials.

Time and procedure data, shown

in Figure 20 were also used as demonstrated in the example cited below.

For this example, the material, whole milk powder for the product,

Whipped Potatoes will be traced and the results summarized in Figure 25.

source indicated.

Column

1

10

11

Entry

Production area of main kitchen
denoted by a letter symbol.

Product number.

Product name.

Material number.

Material name.

Market specification of material
(i.e., fresh, frozen or canned)

Unit size.

Form required in production area.
Number of servings per product.
Batch(es) per meal.

Material amount needed.

Entries in columns one to 13 were directly transferred from the

Source of Entry

Production sheets

Fig. 22, Materials
categorized by time
needed within the
production areas.

Alphabetical listing
of materials.

Fig. 22

Fig. 5, Comprehensive
listing of devised
menu pattern per’
day.. -

Fig. 5

Fig. 5

Fig. 5

Fig. 5

Fig. 22
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Column Entry Source of Entry
12 Time material needed in produc- Event , Peak pro-
tion area. duction load within
ingredient room
selected.
13 Material flow between functions. Fig. 12, Sequence of

material movements
between functions.

Columns 14 to 34 are discussed for entries made adjacent to Function 1,
Opening Cans.

14 Discussed following columns 16,
17, 18, 19, & 20.

15 Discussed following column L41.
16 Storeroom delivery to function. Fig. 25, col 7, 10, 11
Quantity: 3-#10 cans containing
1b each were delivered.

Thus, 3-#10 was entered.

Size: 1-#10 can measures 6x6xT Fig. 25, col T & Event
in. or 252 cu in. Cans were G!) , Material (unit)
assumed to be squarej thus, dimensions obtained.
756 cu in. (3 x 252) was
entered.

17 A plastic 1id was required to Fig. 20, Charting
cover the #10 can enroute from procedures per function
Functions 1 to 4. Thus, #10 per task in reference
w/plas 1id was entered to time.

18 None.

19 The entry, 3/1 represented 3 cans Fig. 20 & Fig. 25,

& 1 plastic 1id. Since 2 cans col 16.

would be emptied after portioning
& 1 can would be stored, only 1
plastic 1lid was required.

20 None.

1L The constant times for: "Confirm Fig. 20
the amt need", "Place material at
equip (can opener)", "Place TC
(plastic 1id) at equip", & "Clear
trash" were summed & noted. The
variable times for: 'Wash mate-
rial (1id of can): Low", "Open #10
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Column Entry Source of Entry
14 can", "Cover TC", & "Place TC on

(cont'd) cart" were summed & multiplied by
three. The constant & variable
time sums were added. The result,
1.59 min was entered.

21 Time & space entries for specified Time: Fig. 20;
equipment were made where appli- Space: ents &
cable.

22 None.

23 Sink time: 0.14 min required to Fig. 20
wash lids of 3 cans.

2L None.

25 Can opener time: 1.35 min spent Fig. 20

opening 3 cans.

26 Can opener space: Each #1l0 can Event @
occupied 6x6 in. with height of
7 in. Thus, 36-T7 was entered.

27-32 None.

33 Trash time: 0.10 min was spent Fig. 20
disposing of the 3 lids removed
from the cans.

3k Trash space (calculated in cu in.): Event
The amount of trash accumulated by
3 lids was 108 cu in. Since depth
was minimal, only length & width
were considered.

The next functions specified in col 13 for the material flow of
whole milk powder were 4 (Portioning) & 5 (Packaging). Function 10
(Refrigerated Storage) was specified as the storage place for the
unused material. Entries made in appropriate col 16 to 32 as well as
col 40 & 41 will be discussed for Functions 4, 5, & 10. As previously
done, col 14 will be discussed foltowing col 20.

17 TC Kind: A plastic bag was spe- Fig. 20, FUNCTION:
cified as the TC to be used from Portioning-Packaging
Function 5 for delivery to the MATERIAL GROUP which
production area. In Function 10 contained dry milk
a #10 can with a plastic 1lid would powder.

be stored.
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Column Entry Source of Entry

18 TC Size: The amount of material Fig. 25, col 10, 11
needed for 2 batches was calculated and Event 3 Minor
to be 180 cu in. each. A double equipment catalogue
entry was made of 180. The TC & weight-measure
(plastic bag) required to accommo- equivalents (10, 55).
date 180 cu in. was specified as
1llx1l in.

19 TC Quantity: Since 2 batches were to

be delivered, 2 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>