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CHAPTER 1 

INTRODUCTION 

Patient tray assembly in hospitals is a major component of the 

service sub-system. Stockdale (1) found that approximately twelve 

per cent of all labor time was spent assembling patient trays: whereas, 

data from Beach's (2) study indicated that nineteen per cent of all 

labor time was spent on this task. As labor costs continue to in­

crease, efficiency in all areas of the foodservice department must 

also increase, especially in those areas requiring an intense amount 

of labor. 

STATEMENT OF THE PROBLEM 

At the present time, approximately 14.4 per cent of the pro­

duction employees labor time is spent assembling patient trays at 

Arlington Mem orial Hospital (AMH), a 320 bed general care facility. 

The assembly of patient trays at AMH (Appendix A) is accomplished 

by a centralized tray assembly procedure. Preliminary data from 

Ma rch, 1981, revealed an average of 235 trays were served at each 

meal. At that time , the number of trays per mi nute ranged from 

2.11 to 4.11 at breakfast trayline and 2.81 to 4.57 for lunch and 

dinner traylines. Breakfast trayline required a trayline arrange­

ment different from that of lunch and dinner trayline. Gagliano (8) 

estimated that a mi ni mum of six trays per minute should be assembl ed 

in a conventional trayline assembly system . 

. 1 



Plans ar e currently being finalized for the addition of one 

hundred patient beds by December 1982 and a new foodservice facility. 

At the average rate of 3.5 trays per minute~ and with no additional 

labor, approxi mately 51.2 labor hours or 20.6 per cent of the total 

labor hours per day \<J ould be spent in this operation assembling pa­

tient trays . The foodservice director's goal is for all patient 

tray assembly to be completed in one hour at each meal. When the 

trayline period exceeds one hour, the food becomes cold, the dietary 

employees become tired and edgy, and the schedule for nursing ser­

vices is disrupted. 

PURPOSE AND OBJECTI VES 

The purpose of this study v1as to analyze the present patient 

trayline op er a tion at At·1H and offer recommendations f or improving 

tray assembly productivity. The i ndustrial technique of assembly 

line balanci ng \·ta s appli ed to the analysis of the trayline operation. 

Sp ecific objecti ves of the study were as follo ws: 

1. To obser ve pr esent patient trayline operations and identify 

caus es of del ays withi n the s ys tem which decreased trays per minute; 

2. To calculate the t r ays per mi nute f or brea kfas t t rayline and 

lunch and dinner trayl ines for a one month pe r i od prior t o applica t ion 

of the asse~bl y line balancing technique ; 

3 . To apply assembly line balanci ng techni ques for br eakfas t 

tra yline and lunch and di nner t ra yline ; 

4 . To prcpose r ecomme ndations fo r the type of arrangeme11 t of 
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the trayline area for both the present and projected facilities 

which would require minimum capital investment. 
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CHAPTER 2 

REVIEW OF LITERATURE 

Limited published literature for improving efficiency on a hos­

pital centralized tray assembly conveyor system was available. Four 

major categories of productivity improvement for trayllne literature 

could be located. The first two categories were insulated service 

systems (3) and a computerized trayline (4, 5, 6, 7, 8, 9). Both of 

these systems were sold commercially and required extensive captial 

outlay. 

The available literature discussing the insulated service sys­

tem claimed the system increases efficiency, although no specific 

explanation for the increase was offered. Two different computerized 

assembly systems were available, an automated tray assembly line (4, 

8, 9) and a system of food cassettes (5, 6, 7). In the automated 

tray assembly system, each patients' menu was transferred onto a punch 

card whi ch was passed through a card reader at the beginning of the 

trayline. The patients' name, room number and selections were re­

corded in memory. As each tray approaches a station on the line, a 

light flashed to indicate the item and portion size required for that 

patient . Thi s system eliminated the need for dietary employees to 

read each menu and reduced communication probl ems for non-English 

speaking employees . 

The cassette sys tem must be used with a cook-freeze production 

s ys tem. Individual servings we re por tioned , froze n and l oaded into 

dispensing casse ttes . At service time , the patients ' selections 
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which were recorded on cards or in the computers memory, were read 

by the computer and dispensed from the appropriate cassette onto 

either a tray or a conveyor belt. 

The third category of productivity improvement consisted of 

5 

a variety of minor modifications to the tray assembly procedure. 

Modifications in menu design (10) was recommended to improve read­

ability. Suggested revisions included color striping to define focal 

areas and to cluster information into a sequence of basic groups. 

Fankhauser (10) claimed such redesign of menus increased production 

by eleven per cent. The increase resulted because the operator could 

perceive sooner what was to be placed on upcoming trays. The use 

of color coded prepackaged condiments (11) increased accuracy of se­

lection and made selection of condiments a one motion effort. The 

package colors match the color of the appropriate menus, for example, 

a blue me nu for regular diets received a blue package which contained 

sugar, salt, and pepper. 

Evaluation of the 1vork area arrangement was recommended for effi­

cient motion (12) . Each person on the trayline should be able to 

reach ~d th both hands, place t vm i terns on each tray using a single 

movement. Useless motion , such as dipping twice for one serving, 

should be eli mi nated through the use of serving utensils which accu­

rately portion food items. There should al so be a f loater or runner 

assigned to retrieve items needed for the servi ng line. 

The final minor modification involved determining cycle l ength 

of the conveyor system (13) . The calculations on the follov1i ng page 



illustrate an example used to determine launch rate of new trays into 

the conveyor assembly system. 

Example: Required output rate: 360 trays per hour 

360 trays per hour = 6. 0 trays pe.r minute minimum accept­
able output rate 

Add: 15 per cent total delay facotr 

6.0 x 100/85 = 7.1 trays per minute 

7.1 trays per minute = 8.5 seconds per tray: 1 tray= 
4 seconds (when tra yline speed 
equals 15 tray lengths per minute.) 

8.5/4.0 = 2.12 tray lengths 

A ne w tray must start every 2.12 tray lengths (13). 

Space ·1·!8s desired between trays to allow the operators time to 

read the menu and serve the appropriate product. ~'/hen trays ~tJere 

spaced too closely, an cperator who was unable to keep up, held tra )IS 

back from the for ward motion in order to complete his task. A hold-

i ng area was recomme nded to allow trays to be removed from the line 

while mi sta kes were corrected. 

Assembly line balancing was another method discussed in the 

literature fo r improving trayline efficiency. This included any means 

used to achieve bala nce between the work assignments of the work sta-

tions . t·1cGary (14, 15, 16) developed a method for a hospital central-
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ized food service based on industrial engineering studies (17, 18, 19). 

1cCary ' s method requi r ed li mi ted financial expenditure, limited equip-

ment and could easily be a ccomplished ma nually. More r ecent studies 

by industrial engineer s discussed the use of a comp uter in the 
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assembly line balancing procedure (20, 21, 22, 23, 24, 25, 26). 



CHAPTER 3 

PROCEDURE 

The ini tial step in the procedure of increasing productivity con­

sisted of identi f i cation of delays in the system which decrease trays 

per minute. This was accomplished through observation of the assembly 

process and i dent i f ication of unequal work distribution between work 

stations and de l a ys caused by operator failure. 

The second step in the procedure was calculati on of trays per 

minute f or brea kfa st, lunch and dinner traylines. This data was cal­

culated f or a peri od of one month prior to initiating the stop watch 

time study t o deterr~~ine \ ·~ ark unit time. A record of trays served at 

each meal as wel l as t he length of service time required for service 

was recorded to de te r mine t ra ys per minute (Appendix B). 

The assembl y line balancing technique developed by HcGar y (14, 15, 

16) was appli ed t o the t r a yl i ne system at AMH. Four of the seven de­

lays identifi ed cou l d be el imina ted throu gh a balanced trayline. 

McGary's model v~s a dapt ed f r om the Hel geson and Birnie (17) ranked 

positional weight t echnique f or assembly line balancing. McGary alter­

ed only the procedure for determi ni ng cycle time . Constraint equations · 

we r e added t o pr event t he use of a cycl e time whi ch woul d r equire tray 

assembly per iods l onger than a normal meal peri od (14) . A gl ossa ry 

defi ning assembly line bal anci ng t e r minology is i ncluded i n Appendi x C. 

The procedure of ba l a n ci n ~ the assembly line cons ists of nine 
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steps. 

Ste~ 1~ · Preparation of Food and Accessory Item List 

A list of food and accessory items that were placed on the meal 

trays \·-Jas i dentified. Accessory i terns were listed separately i f the 

item v1as pl aced directly on the tray or ~vas combined with a food item 

on the a s se~bly line, f or example entree and dinner plate. If the 

food and accessory i te~ were preassembled, only the food item was 

listed, for example salad or dessert. This distinction was made in 

order to · i denti f y i te rns \"V hi ch required separate · hand motions. 

Steps 2 and 3 : Combina tion of Food and Accessory Items into Work 
Units, Assignment of Nu mbers to Work Units, and 
Establishment of ~ork Unit Times 

Work gr oups were developed based on the principles of motion 
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economy an d He l ges on and Birnies' criteria (17). Motion economy prin-

ci pl es str essed the s i multaneous· motion of both· hands during \·mrk (1). 

Helgeson and Birnies ' criteria stated that work groups cannot be sub-

divided 1·:ithout additi onal motions (17). Consideration was also given 

to l i mitations of t he phys ical layout of the trayline. 

\/ ork unit times v1er e established by stop vtatch study. Initially, 

ten readi ngs were recorded f or each of thirty one trayline items. The 

number of additional readings r equired \·Jas determined follovling the 

equc:1ti on : R 
x 

~1ere : R = range of high ti me elemental value minus low t ime study 
elemental value 

X = average time value of element f or sample 

The number of additional readings r equired ( ' ) \ ·~as dett; r mined by 



locating the value of R · and the corresponding number for ten sam­
X 
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ples in Barnes' Time and Motion (27) (Appendix D). A+ 10% Precision 

and a 95% Confidence level were desired~ The average times were deter-

mined after the rando~ readings were completed (Appendix E). The 

recommended number of readings could not be recorded for the diet en-

tree and vegetables. A majority of the therapeutic diets were deliv-

ered to one nursing station which prevented a random time reading. 

Therapeutic diets · represent less than fifteen per cent of the total 

meals served. The work units were then numbered consecutively, begin-

ing with one. 

Step 4: Develop ment of a Precedence Graph 

The precedence graph provided a visualization of the relation-

ships betvJeen \'JOrk units. This graph showed· the logical sequence of 

work units while considering limitations of the system. In a conven-

tional service system, ~1here patient trays are assembled and delivered 

to the patients, hot foods are served at the last service station. 

Cold food items are se rved at the begining of the system. At ANH, 

the beverage station must be the last station before the checker due· 

to the perminate placement of the coffee urn (Figure 1). Work unit 

one , the tray, received precedence over all other work units since 

the tray must be the fi rst item introduced into the system . 

Step 5 : · Transposing Precedence Relationships to a Precedence ~ ·1atrix 

The precedence matrix 1·1as used to determine positional \'Veights in 

step six . The definitions for the numbers used in the precedence 
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r.1atrix are: · 1. f··tJst precede = +1 

2. t11Ust not precede = -1 

3. f\'iakes no difference as to· precedence = 0 

The precedence graph developed in step 4 \•.Jas used to visualize precc-

dence of ~vork units in this step. 

Step 6 . and· 7: · Calculation of Positional \'Jeights and Ranking of the 
\'J ork Units 

To calculate positional weights, the time values for each work 

unit and all ~·Jork units v:hich must follovJ as shm'ln by the precedence 

ma trix, were su mme d. The work units· were then· ranked from highest to· 

lowest positional weight, and immediate precedence work units were· 

noted. 

Step · 8 : Determi nation of Cycle Time 

Cycle ti me was de termined and controlled so that all trays were 

served within a specified period of time. Cycle time was expressed 

as : 

whe re: UH = Highest ·work unit time, minutes 

T = Average nu mber of trays assembled 

X = umbe r of conveyors 

30 = · ini murn assembly time, r.1inutes 

80 = f·1axinu . assembly time , 1:1inu t es 

C = Cycle tir.1e , mi nutes 

For an average tray count of 235, 40 minutes we re considered i dea l 

(5 . 875 trays per mi nute) . 
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St~p 9: · Assignment of Work Units · to· Work Stations 

t·1cGary's ( lL~) steps for assignment of work units to \·Jork stations 

~..;ere as follO\'/S: 

In t he assignment of v10rk units to \'tork stations, rank­
ed ~ork units begining with the one with the highest position­
al \ lei ght a re s uccess ively assigned· to the first vtork station 
until either: 

1. Unassigned work station time is zero and cumula­
tive ~ork sta t ion time is equal to cycle time or 

2. Any subsequ ent work unit assignment would cause the 
cumulative ~ork sta tion time to be greater than cycle time. 

~ar k units a re rejected which would either: 
1. Ca us e the cumulative work· station time to be great­

er than cycl e_ time , or are 
2. Considered technically unf easible f or assignment to· 

the \·mr l< s t a ti on due to ~·1 ork units already assigned. 
Re j ecte d work units are considered in sequence prior to 

continuing t he a ttempt to assign other work units according 
to positonal wei ghts . The same procedure is followed until 
all vmrk units ha ve been assigned to a ~'10rk station (14). 

The obse r va tions noted during da ta collection and the actual 

da t a we r e used t o de velop the recomfilended layout· for the present 

facilit y. The wor k uni t ass ignments made in step nine determined 

the \·Jo r k station content . Spacing of v.J ork stations along the tray-

l i ne was based on earl ie r obse rvation of delays in the system. 



CHAPTER 4 

RESULTS AND DISCUSSION 

The average trays per minute for breakfast, lunch and dinner tray­

lines was calculated for a period of one month prior to initiation of 

the stop watch study. The average trays per minute for August 1981 

was slightly higher than the average for March 1981 when the prelim­

inary data was collected. However, the results, an average of 3.65 

trays per minute, was still below the desired standard of six trays 

per minute (Appendix B). 

Trays move through a centralized assembly system in one of two 

ways: manual, where the trays are moved manually from one station to 

the next ei ther on rollers or a flat surface, or secondly, by a mech­

anized conveyor belt. Since the conveyor belt system of tray move­

ment required fewer work motions, it is generally considered the su­

perior system (14) . The system at AMH was manual. The new facility 

will be equiped with a thirty five foot mechanized conveyor system. 

Because the present trayline required manual movement of the trays 

from one station to another, provision of space between the trays was 

not possible . For this reason, the recommendation for determining 

launch rate (13) could not be applied to the assembly system at AMH at 

the present time . The calculations on the following page show the 

r equi re d l aunch rate for the new facility. 
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Required output rate: 335 trays per hour 

335 trays per hour = 5.58 trays per minute acceptable output 

Add: 15 per cent total delay factor 

5.85 x 100/85 = 6.56 trays per minute 

6.56 trays per minute = 9.15 seconds per tray 

15 

Because the specifications for the trayline and trays were not avail-

able, only the launch rate was determined. The space available be-

tween tra ys will have to be determined following the procedure on page 

six at a later date. Based on the above calculations, a new tray must 

be introduced into the system every 9.15 seconds 

RESULTS OF ASSEt·1BL Y LI NE BALANCING 

The assembly line balancing technique developed by McGary (14, 

15, 16) was app lied to the trayline system at AMH. The results of 

this nine step procedure are presented in the following discussion, 

tables and figures. 

Step 1: Preparation of Food and Accessory Item List 

Ta bles one and two contain the list of food and accessory items 

placed on the mea l trays. These lists we re developed to distinguish 

items and accessories which required separate hand motions when moved 

to the tray. 

Steps 2 and 3 : Combination of Food and Accessory Items into Work 
Units , Assignment of Numbers to Work Units, and 
Establishme nt of Work Unit Ti mes 

Table s 3 and 4 list the wor k units, work unit times and wor k 

unit nu mbers . '/ork units we r e developed based on princip2.es of mo-



Table 1: Food and Accessory Item List- Breakfast 

Basic Accessory Items 

Tray and cover 
Menu in holder 
Napkin 
Silverware (knife, fork, spoon in plastic bag) 
Salt 
Pepper 
Sugar 
Sugar Substitute 
Salt Substitute 
Pellet 
Lid Cover 
Stra w 

Food Items 

Dry Cereal 
Jello 
Fruit 
Bread 
Oleo 
Jelly 
Entree and accompani ments 
Broth 
Hot Cereal 
t·1il k 
Juice 
Carbonated Beverage 
Coffee 
Hot vJa ter 
Creamer 

Accessory Items for Food Assembly 

Bowl 

Plate 
Cup and lid 
Bowl and lid 

Cup 
Cup 
Cup 

Tea Bag 
Deca·ffeinated Coffee (I ndividual) 
t1e l ba Toast 
Crackers 
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Table 2: Food and Accessory Item List -Lunch and Dinner 

Basic Accessory Items 

Tray and cover 
1'1enu in holder 
Napkin 
Silverware (knife, fork, spoon in plastic bag) 
Salt 
Pepper 
Sugar 
Sugar Su bs titute 
Salt Substitute 
Pellet 
Lid Cover 
Stra w 

Food Items 

Broth 
Soup 
Crackers 
Melba Toast 
Entree and accompa ni ments 
Bread 
Ol eo 
Dessert 
Salad 
Mi l k 

Accessory Items for Food Assembly 

Cup and lid 
Bowl and lid 

Plate 

Coffee Cup 
Hot Wa t er Cup 
Tea bag 
Decaffeinated Coffee (Individua l) 
Iced Tea 
Juice 
Ice Cream 
Jello 
Carbonated Beverage Cup 

17 
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tion economy (1, 17). Work unit times were determined from stop 

watch studies (Appendix D). The work units were numbered consec-

utively, begining with one. 

The readings for carbonated beyerages, broth, soup, jello, ice 

cream, die t entrees and diet vegetables were not included in the list 

of work units. The ideal balance of the assembly line should be deter-

mined for a ma jority of the trays served (regular and soft diets). 

Recommendations for the service of these items was considered in the 

final proposal of the system layout. 

Step 4: Development of a Precedence Graph 

The precedence graphs in Figures 2 and 3 were developed to visu-

ali ze the relationship between work units. 

Step 5: Transposing Precedence Relationships to a Precedence ~~ trix 

Based on the precedence graph developed in step 4, the precedence 

matrix was established to determine positional weight in step 6. Fig-

ures 4 and 5 illustrate the precedence matrices for breakfast, lunch 

and dinner. 

Steps 6 and 7: Ca lculation of Positional Weights and Ranking of the 
Work Units 

Afte r positional weights we re determined based on the precedence 

matrix , the work units were ranked from highest to lowest positional 

weig ht . The i mmediate precedence work unit was noted. Tables 5 and 

6 present the results of this step . 

Step 8 : Determination of Cycle Ti me 

Cycle time ~ s determined and controll ed s o that all trays were 



Table 3: \·Jork Units, Work Unit Numbers, and ~·/ark Unit Times 
Breakfast 

\A/ork 
Unit fl 

1 

2 . 

3 

4 

V/ ork 
Units 

Tray wi th cover 

t~enu in holder 

Napkin, sil ven1are 

Condiments 

5 Special Items - teabags, creamer, 
decaffeinated coffee, melba toast, 
crackers 

6 Jelly, oleo 

7 Fruit 

8 Dry Cereal 

9 Pellet 

10 Regular plate 

11 Hot cereal or broth 

12 Juice 

13 Coffee or hot wate r, cup 

14 ~~i lk, straw 

15 Checker 

16 Loader 

Work Unit Time 
in Hinutes 

0.021 

0.016 

0.037 

0.022 

0. 019 

0.028 

0.034 

0.023 

0.033 

0.105 

0.112 

0. 030 

0.032 

0.044 

0. 08L~ 

o. 048 
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Table 4: Work Units, Work Unit Numbers, and Work Unit Times­
Lunch and Dinner 

V/ork 
Unit If 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

\'/ork 
Units 

Tray v~i th cover 

~~e nu in holder 

Napkin, silverware 

Condi men ts 

Special items - teabags, creamer, 
decaffeinated coffee, melba toast, 
crackers 

Pellet 

Bread , oleo 

Dessert, salad 

Regular plate 

Soft plate 

Hi lk, stravJ 

Juice 

Coffee or hot water, cup 

Iced tea 

Checker 

Loader 

Work Dnl t llme 
in Hini.Jtes · 

0.021 

0.016 

0.037 

0.022 

0. 019 

0.033 

0.026 

0.064 

0.141 

0.175 

0.044 

0.030 

0.032 

0.019 

0.084 

o. 048 
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Figure 2: Pre cedence Graph - Breakfast Tray1ine 
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Fi gure 3 : Prece dence Grap h -Lunch and Dinner Tray1ine 
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~·Jork \'Jork 
Unit Unit 
Time # 1 ' 2 . 3 . 4 ' · s· · 6 · 7 s· 9 10' 11 12 13 14 ' 15 16 ' . 

o. 021 1 0 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 

0. 016 2 -1 0 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 

0.037 3 -1 -1 0 0 0 +1 +1 +1 0 +1 +1 0 +1 +1 +1 +1 

0.022 4 -1 -1 0 0 0 +1 +1 +1 0 +1 +1 0 +1 +1 +1 +1 

0. 019 5 -1 -1 0 0 0 +1 +1 +1 0 ·+1 +1 0 +1 +1 +1 +1 

0.023 6 -1 -1 -1 -1 -1 0 0 0 0 +1 +1 0 +1 +1 +1 +1 

0.034 7 -1 -1 -1 -1 -1 0 0 0 0 +1 +1 0 +1 +1 +1 +1 

0. 023 8 -1 -1 -1 -1 -1 0 0 0 0 +1 +1 0 +1 +1 +1 +1 

0.033 9 -1 -1 0 0 0 0 0 0 0 +1 +1 0 +1 +1 +1 +1 

0.105 10 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0 0 +1 +1 +1 +1 

0.112 11 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0 0 +1 +1 +1 +1 

0 .030 12 -1 -1 0 0 0 0 0 0 0 0 0 0 0 0 +1 +1 

0.032 13 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0 0 +1 +1 

0 . 044 14 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0 0 +1 +1 

0. 084 15 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 +1 

0 . 048 16 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 

Figure L~ : Precedence t·1atrix - Breakfast Tra y1ine 
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.... ... 
' s ' 

Unit 
Time . 1' . 2' 3' 4' . s· . 6' T . s· . 9· 10· 11 · 12 13 14· 15" 16 

0.021 1 0 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 

0.016 2 -1 : 0 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 

0.037 3 -1 -1 0 0 0 0 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 

0.022 4 -1 -1 0 0 0 0 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 

0 . 019 5 -1 -1 0 0 0 0 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 

0 . 033 6 -1 -1 0 0 0 0 0 0 +1 +1 +1 +1 +1 +1 +1 +1 

0 . 026 7 -1 -1 -1 -1 -1 0 0 0 +1 +1 +1 +1 +1 +1 +1 +1 

0 . 064 8 -1 -1 - 1 -1 -1 0 0 0 +1 +1 +1 +1 +1 +1 +1 +1 

0 .141 9 -1 -1 -1 -1 -1 -1 -1 -1 0 0 +1 +1 +1 +1 +1 +1 

0 . 175 10 -1 -1 -1 -1 -1 -1 -1 -1 0 0 -+1 +1 +1 +1 +1 +1 

0 . 044 11 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0 0 0 +1 +1 

0 . 030 12 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0 0 0 +1 +1 

0 . 032 13 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0 0 0 +1 +1 

0 . 019 14 - 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 0 0 0 +1 +1 

0 . 084 15 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 +1 

0 . 048 16 - 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0 

Figure 5: Precedence l ·~trix - Lunch and Dinner Tray1i ne 
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Table 5 : Positional Wei ghts, Ranked and Unranked - Breakfast 

\'/ ar k Unranked I mmedia te V! ork Ranked Immediate 
Unit Positi onal Precedence Unit Positi onal Precedence 

\·/eight viei ght 

1 .688 1 .688 

2 .667 1 2 .667 1 

3 . 5 t:~ 7 2 3 • 5L~ 7 2 

4 . 532 2 4 .532 2 

5 . 529 2 5 .529 2 

6 . 453 2 7 .459 3,4,5 

7 .4 59 3,4,5 9 .458 2 

8 . 448 3,4,5 6 .453 2 

9 . 458 2 8 .448 3,4,5 

10 . 313 7, 8 ,9 11 .320 7,8,9 

11 . 320 7, 8 ,9 10 .313 7, 8,9 

12 .162 2 14 .176 10,11 

13 .164 10 ,11 13 .164 10,11 

14 .1 76 10 ' 11 12 .162 2 

15 . 132 12 ,13,14 15 .132 12,13,14 

16 . 048 15 16 . 04 8 15 
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Table 6: Positional \)ei ghts, Ranked and Unranked - Lunch and 
Dinner 

\'/ ork Unranked I r1mediate \'!ork Ranked Immediate 
Unit Positional Precedence Unit Positional Precedence 

\'/eight . \'JE~i ght 

1 . 811 1 .811 

2 ~790 1 2 .790 1 

3 .. 700 2 3 .70Cl 2 

4 .6 85 2 4 .685 2 

5 . 68 2 2 5 .682 2 

6 . 606 2 8 .637 3,4,5 

7 .599 3 'l~ '5 6 .606 2 

8 .637 3,4,5 7 .599 3,4,5 

9 .3 98 6,7,8 10 .432 6,7,8 

10 . 432 6,7, 8 9 .398 6,7,8 

11 .1 76 9,10 11 .176 9,10 

12 .1 62 9,10 13 .164 9,10 

13 .16L:. 9,10 12 .162 9,10 

14 .1 51 9 ' 10 14 .151 9,10 

15 . 132 11 , 12 , 13 , 1 L~ 15 .132 11,12,13,14 

16 • OL~8 15 15 . 048 15 
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served \'/i thin a specified period of time . Cycle time was ex -

pressed as : 30 < UHT. < 80 , c = UH .... -- 1-

v1here : UH = Hi ghes t \·JOrk unit time, minutes 

T = Average number of t r ays assembled 

X = Number of conveyors 

30 = t·hnimum assembly time, mi nutes 

80 = t1aximum assembly time , minutes 

c = Cycle time , minutes 

For an average tray count of 235 , 40 mi nutes was considered 

ideal (5 . 875 trays per mi nute·). 

Br eakfast : 30 < 0.112 (235} < 80 , c = 
- 1 -

30 < 26 . 32 < 
~ 

80, c i 

Lunch and Dinner: 30 < 0.175 ' (235} ·<. 80, c = - 1 ... 

30 < .. 41 . 12.5 < 80' - c i 

\t/ hen the highest \'JOrk unit time multiplied by the average number 

of trays \·Jas less than thirty mi nutes, as in the case of the break-

fast tra yline , cycle time must be increased. 

This is expressed as : <.. 30, - = 

and 

c £ .. 
\·Jhere : UH = Highest \·Jork uni L time , minutes 



T = 

30 = 

CL = 

CH = 

c = 

\t.J hen: UH = 

T = 

I UHT 

Therefore : 

Average number of trays assembled 

Minimum time, tninutes 

Lo~·Jer limi t s · of cycle 

Uf=-·per limits of cycle 

Cycle ti me , minutes 

0.112 

235 

= 0.112 

= 26 . 32 

= 30 ' 
235 

= .128 

X 235 

0.112 ~ c ~ 0 . 128 - ~ 

time , minutes 

time , minutes 

The cycl e time fo r the breakfast trc_1yline may r a nge from 0. 112 

to 0 .128 minu tes as i ndicated above. 

Step 9 : Assignment of \·J ork Units to \'/ ork St ations 

f·1cGary ' s (14) procedure for assignment of \'~ark units to work 

stations \·Jas foll ovJe d. Tables 7 and 8 present the r esults of this 

procedure . 

R ECO Y'lE1 'DATI 01 IS FOf1 I I·1P ROVED TRA YL I E EFFICI EN CY 

27 

t,1cGary (lL~) identified ten comm on delays fou nd i n assembly s ys-

t erns . Seven of the ten delays li sted b y f.1cGary (lL~. ) ~·Jere identifi ed 

\·Ji thin the assembly system at Af1H . Table 9 lists the de~ays as \·.fell 

as observations noted . 
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Table 9: Comm on Delays in Trayline Assembly Systems Noted at 
Arl i ngton Memorial Hospital 

Types of Delays 

Work station layout not 
conducive to motion 
economy 

Unequ al work dis tribution 
be t we en work stations 

Work sta tion content greater 
thCJ n cycle t ime 

Hig h fr equency of misse d 
or incorrect i tems , often 
wi th concentrati on a t a 
speci f i c work station 

Ope r ators r esponsi ble for 
r ep l eni shme nt of own supplies 

1 ecessi t y f or qJe r a tors to 
hold trays back f r om f orvJa rd 
progress 

Supe r visors servi ng as checker 
and sub~ituting for t he ca rt 
loader during short pe r iods of 
when the latter is engnged in 
other activities 

,) _ ' 

Observations 

The necessity for operators at 
the salad-dessert station to 
vvalk in order to reach some 
items 

Range of one to fifteen food or 
accessory items handled at dif­
ferent stations 

Variability in opera tor pace 
among work stations 

Location of salad-dessert station 
to close to set-up station 

Possibility of inappropriate 
operator assignment at some 
work stations 

Lack of specified runner 

Inaccuracy of initial supply 

Operators unable to complete 
work station tasks before 
trays are moved past station 

Lack of a runner to assist checker 

Delayed return of loader from de ­
live ring food carts to nursing 
floors. 
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t~odi fica tion of menu design was recommended to improve readability 

(10). The menu design should cluster the information required by each 

work station into one specific area. The current menu design required 

the operator at the salad-dessert and the beverage stations to look in 

t wo separate places on the menu to corrplete the work of their stations. 

The menus s houl d also be color coded to match the color coded condi­

ment packages. 

The color coded condiment packages (11) are commercially available. 

Five combinations of condiments would meet the needs of a majority of 

t he diets a t A1·1H : regular, soft-bland, sodium controlled, sugar con­

trolled and s odi um- sugar controlled. At the set-up station, the oper­

a tor coul d sel ect the appropriate color condiment package which would 

ma t ch the menu, f or example, blue menus for regular diets, blue condi­

ment pa ckages which contain sugar, salt and pepper. 

The cur rent sys tem required the set-up operator to select either 

a pa ckage d or i ndivi dual condiments. The checker must then locate and 

check t hree or more indivi dual condiment packages for all trays other 

tha n f or regular diets . At the present time, coded packages \'tere 

a vailable for r egul a r diets althou gh the menus we re not color coded. 

Althou gh this s ys t em is mor e expensive tha n the use of individual condi­

ments , the pac kage d condiments are recomme nded f or increasing speed 

a nd a ccurac y. 

Attention should be gi ven to the l oss of productivity du e to wa s t ed 

motion . Conside ration s hould be given to el imi na ti ng the nu me rous minor 
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unnecessary motions which when repeated add up to a great loss of pro­

ductive time. The use of the prepackaged condiments reduced the process 

of selecting condiments to one motion. Condiment packages are also 

available which include a napkin and straw, further reducing the number 

of motions required for assembly of each tray. An additional benefit 

associated with these packages is increased sanitation standards since 

the straw, condiments and napkin are not directly handled. 

The appropriate size of serving utensils should be used. Service 

of brother currently required the operator to fill a six ounce ladle 

twice to fill a b ·Jel ve ounce cup. If a serving size of larger than 

six ounces is desired, a ladle of the appropriate size should be used 

by the opera tor . 

The process of portioning eggs for therapeutic diets should be 

reviewed from the standpoint of motion economy. In this case, the 

serving size of seventy grams of scrambled eggs is approximately 

portioned by one number 16 scoop. A number 16 scoop portions sixty 

five to seventy five grams of scrambled eggs. Variation results due 

to the degree \'lhich the individual operator packs eggs into the scoop 

during portioning. The use of a scale would be required for portion 

sizes which are not multiples of seventy grams. 

During observations, the operator dipped a scoop of eggs and 

patiently removed or added to the serving until exactly seventy grams 

wa s portioned. Such degree of accuracy was time consuming and not 

necessary for a majority of the patients. Few patients at AMH have 



33 

ever required strict protein controlled diets for renal failure. How-

ever, the clinical dietitian would need to make a judgement concerning 

the acceptable variance of portion sizes. 

The arrangement of the individual work stations was directly re-

lated to the efficiency of motion at each work station. The arrange-

ment of the salad-dessert and of the beverage station was usually 

left to the operator. There was a standard arrangement of all the 

other stations. Consequently, some operators arranged their stations 

carefully, and others simply placed the products randomly in no given 

order at their work stations. Figure 6 details a proposed arrangement 

for the salad-dessert station for the present facility. 

first first 
dessert sala d 

Upper Shel f 

Special De sse rts 

Uppe r Shelf 

salad 
dessert 

bread 
oleo 

2nd 2nd 
dessert salad 

Lower Shelf 

Special Salads 

Lower Shelf 

Figu re 6 : Proposed Arra ngement for Salad-Dessert Station - Current 
Facility 
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The operator at this station should select the appropriate dessert 

and salad and with one motion, move the salad and dessert to the tray. 

The first dessert and salad appearing on the menu should be placed on 

the upper shelf in order to be easily reached. The dessert should be 

placed closest to the line, so the left hand places the dessert at the 

lower left hand portion as the operator views the tray. As the patient 

views the tray, the desserts are placed in the upper right hand portion 

of the tray. The desserts for the therapeutic diets are placed on the 

upper shelf of the second cart for the same reason. 

This arrangement should reduce the need for the operator to move 

their feet when preparing most of the trays. Ideally, the salads and 

desserts should be stored on a vertical rack. The current tables re­

quire that the iter,ls be spread over a large area. This arrangement 

makes it necessary for the operator to move around \-Ji thin the v10rk 

station. Two vertical racks, one for salads, one for desserts, v10uld 

allow all products to be placed within easy reach of the average op­

erator. 

The arrangement of the beverage station is not as important as 

the preliminary tasks which should be performed during the preparation 

period prior to service times. The carbonated beverages and any canned 

fruit juices should be removed from the plastic holders and boxes. 

When left until after the trayline begins, delays occur. If straws are 

dispensed at this station , the box of stra ~vs s hould be placed on the 

milk box so that the milk and straw are selected and mo ved to the pa-
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tient tray in one motion. Finally, the coffee cup, with handle, should 

be placed on top of the coffee container. This practice is usually 

followed, but when the cups are separated, _an extra motion is required. 

One of the common delays identified by ~1cGary (14) \A/8S work stations 

positioned too close to the set-up or starter station. The salad­

dessert station must wait for the starter to complete each tray set-up 

before the salad-dessert operator could read the patient's menu and 

fill the salad and dessert order. The same delay occurs between the 

beverage opera tor and the checker. The proposed layout for the present 

facility (figure 7) was designed to consider these delays. 

Delay occured when items are not available as needed. This in­

accuracy of the initial supply pointed out the need to analyze the sys­

tem of forecasting production which \A/8S beyond the scope of this study. 

However , an area should be available for the checker to place trays 

which must be corrected. In the current system, trays v1hich were mis­

sing items were either left on the trayline, bringing the system to a 

halt , or placed on the cart with the menu upside down. Leaving the 

trays out in vie w but off the trayline would eliminate the problem of 

the cart being delivered before the missing item was placed on the tray 

and the menu turned over. The loader did not always check to see that 

a ll menus were right side up, indicating all trays were complete. A 

ca rt could be used for the tray holding space in the present facility 

whe r e space i s limited, while something more permanent would be required 

i n the n e \·J fa c i 1 i t y. 
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Figure 7 illustrates the proposed layout for the present facility 

which reflects the results of the assembly line balancing procedure. 

As a result of this procedure, two positions were eliminated on the 

trayline for lunch and dinner. The diet entrees and vegetables were 

assigned to work station 3 after the assembly line balancing procedure 

was completed. Since the majority of therapeutic diets are delivered 

to one nursing station, the therapeutic menu items could not be grouped 

with the rest of the entrees or vegetables. The assembly line balancing 

procedure should be used to determine the ideal design for the majority 

of patient trays. For the same reason, carbonated beverages, broth, 

soup, jello and ice cream were assigned to work stations after the 

assembly line balancing procedure was completed. 

One of the operators eliminated by this arrangement can now be 

designated as a perma nent floater or runner. This operator would be 

responsible for replenishment of the salads and desserts, retrieving 

and racking menus for the set-up station, obtaining coffee and hot 

water as required and taking missing items to the checker. The check­

er should be in control of the trayline, that is, the operator should 

notify the checker of their needs and the checker should then direct 

the runner to the area of need. No operator should leave their sta- , 

tion once the trayline begins. The runner wi ll also be responsible 

to assist the operator at the soft table prepare the therapeutic diets. 

~ost of these diets are delivered to the last nursi ng station served. 

The second operator eliminated by this proposed arra ngement can be 
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assigned cleaning during lunch or the position may be assigned to a part 

time employee who is scheduled to arrive at work after the lunch trayline. 

The current lunch trayline system required three full time evening em­

ployees for operation. During dinner trayline, the second operator 

eliminated was a salad maker. The position description could be altered 

in order that this employee is dismissed at an earlier time or additional 

cleaning duties could be assigned. 

At the breakfast trayline, the same number of work stations re­

mained as before the assembly line balancing procedure. T\,JO employees 

and a supervisor are available to act as a runner, however the position 

descriptions should clarify the required duties for these employees. 

The kitchen production supervisor must be available throughout the tray­

line period to keep all operators at their stations and to assist the 

checker. On weekend days, the kitchen supervisor will have to act as 

the runner due to a reduced number of employees scheduled for work. 

There is one disadvantage to the proposed layout for the present 

facility. Both of the hot food service stations require restocking of 

food items throughout the tray assembly period. The two hot food tables 

which required restocking were located on the east side of the trayline, 

close to the cooks' unit, in the original layout (Figure 1). In the 

proposed layout, the regular table would be located on the west side of 

the trayline, requiring additional movement to restock this table. This 

disadvantage vJill be outweighed by the reduction in the nu mbe r of operators 

on the assembly line, and the assignment of one employee as a runner. 
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The architectural blueprint for the trayline asse~bly area for the 

new facility is shown in Appendix F. The trayline for the new facility 

will be thirty five feet in length, ten feet longer than the current tray­

line. This additional length will allow more space between work stations, 

which in turn allows each operator a full cycle to complete each station's 

tasks. The results of the assembly line balancing technique can not be 

applied to the layout of the new facility since there will be several 

additional menu items, including a bread station. An additional study 

will need to be performed once the new facility is constructed, and after 

operations have been underway for several months, allowing for adjustment 

to the new facil i ty. During this period of adjustment, the proposed lay­

out for the present facility could be adjusted to the new facility. 



CHAPTER 5 

SUMMARY AND CONCLUSION 

The purpose of this study was to analyze the tray assembly system 

at Arlington 1 .. 1emorial Hospital, and propose recommendations for improving 

the productivity. Observation of the assembly system identified seven 

types of delays vii thin the system. The procedure of assembly line bal­

ancing was applied to this system in order to make recommendations for 

improving four of the seven delays identified. Other recommendations 

were offered on the basis of the review of literature. The recommenda- . 

tions were ma de f or both the current facility and the new facility to 

be completed in December 1982. At this time, the recommendations have 

not been initiated . 

The model of assembly line balancing designed by r,1cGary (14, 15, 16) 

f or a centralized assembly system would be appropriate for use in many 

facilities. Tray assembly must occur on a centralized tray assembly 

li ne , ho~ever, the production system may vary, including conventional, 

cook-freeze, and cook-chill production systems. The model could be used 

to measure efficiency and productivity of the service system in addition 

to serving a s a tool f or redesign of an existing facility or design of 

a ne\·J faci l ity . 

RECOI-111E DATIO IS FO R FUTURE STUDY 

After these recommendations have been initiated, an evaluation of 

the procedure shou l d be ma de . Efficiency could be mea sured from the 

40 
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number of tra ys s erved per minute. A rate of six trays per minute is 

desired. Reevalua tion of the system should be made if this rate has 

not been reached a fter the initial period of adjustment. 

An additiona l study based on McGary's (14) model of assembly line 

bal a ncing s houl d be conducted once the new facility is open. There are 

ma ny differences between the present and new facilities, therefore the 

r esults of t hi s balance study can not be applied to the design of the 

new fa cility. This e va lua tion should occur once a daily routine has 

been esta blished af t er the move to the new facility. 
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274-5581 * 800 W . RANDOL M I LL ROAD 

May 20, 1981 

Dr. Robert Pawlowski 

Dean of Graduate Studies 

Texas Woman's Un iversity 

Denton, Texas 

Dear Dr. Pawlowski: 

This letter is to advise you that Nancy S. Wise has my permission 

to conduct her graduate research study in the Dietary Department 

of Arlington Memorial Hospital. I understand that she will be con­
ducting an assembly line balancing study for the p~rpose of increasing 

the speed of the tray assembly process. 

Sincerely, 

X~(. 
Administrator 

RCMcR:me 
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Ti mes on the Tra yli ne - August 1981 

Br eakfa st 

Da t e Count · Ti me 

1 255 73 
2 231 70 
3 239 58 
4 242 64 
5 237 65 
6 228 65 
7 235 58 
8 250 65 
9 230 60 

10 209 55 
11 219 60 
12 214 55 
13 219 55 
14 222 55 
15 209 60 
16 207 55 
17 196 45 
18 
19 230 63 
20 228 70 
21 209 56 
22 216 50 
23 195 50 
24 194 60 
25 209 60 
26 209 45 
27 220 55 
28 
29 224 54 
30 166 50 
31 203 53 

Ave r age t r ays se rve d : 21 9 

Ave r age trays/minu te : 3. 76 

min. 
mi n. 
min. 
min. 
min. 
min. 
mi n. 
mi n. 
mi n. 
min. 
min. 
min. 
mi n. 
min. 
mi n. 
mi n. 
r11i n. 

mi n. 
mi n. 
mi n. 
mi n. 
mi n. 
mi n. 
mi n. 
mi n. 
mi n. 

mi n. 
min . 
min . 

Range of trays ser ved per minute : 

Tra ·ys/f-·1i hu te · · 

3.27 
3.30 
4 .12 
3.78 
3.65 
3. 51 
4.05 
3. 85 
3.83 
3.80 
3.65 
3. 89 
3.98 
4. 04 
3.48 
3.76 
4.35 

3.65 
3.26 
3.73 
4.32 
3. 90 
3. 23 
3.48 
4 . 64 
4.00 

4 .1 5 
3.32 
3. 83 

2. 83 (Au gus t 9) to 4 . 64 (August 26) 
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Times on the Tra y1ine - August 1981 

Lunch 

Date Count Time Trays/ 
· · ~"'li hub:; · 

1 248 75 min. 3.31 
2 225 58 min. 3.88 
3 236 60 min. 3.93 
4 244 so min. 3.05 
5 232 69 min. 3.36 
6 224 65 min. 3.45 
7 233 63 min. 3.70 
8 242 65 mi n. 3.72 
9 222 65 mi n. 3.42 

10 211 65 min. 3.25 
11 215 65 min. 3.31 
12 212 58 mi n. 3. 65 
13 211 58 min. 3.64 
14 209 57 min. 3.67 
15 222 59 min. 3.76 
16 214 70 min. 3.06 
17 202 65 min. 3.11 
18 
19 232 60 min. 3.86 
20 220 55 rni n. 4.00 
21 206 65 mi n. 3.17 
22 210 68 mi n. 3.09 
23 192 47 min. 4.08 
24 186 62 mi n. 3.00 
25 209 60 mi n. 3.48 
26 214 60 mi n. 3.56 
27 231 62 mi n. 3.73 
28 
29 220 60 mi n. 3.67 
30 198 54 mi n. 3.67 
31 198 48 mi n. 4.13 

Average trays served : 218 Lunch 
229 Dinner 

Average trays/minute : 3. 61 

Range of trays served per mi nute : 

2. 5 (August 17) to 4 . 65 (August 30) 
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Dinner 

Count Time Trays / 
· · · · t·1i h u t e · · 

222 58 min. 3. 83 
25L~ 68 min. 3.74 
257 70 min. 3.67 
256 62 min. 4.13 
237 65 min. 3.65 
242 70 min. 3. L~ 6 
241 50 min. 4.82 
225 70 min. 3. 21 
240 58 min. 4.14 
233 65 min. 3.58 
238 58 min. 4.10 
234 58 min. 4.03 
236 63 min. 3.75 
211 55 min. 3.84 
200 54 min. 3.70 
216 58 min. 3.72 
200 80 min. 2.50 
247 80 min. 3.09 
247 70 min. 3. 53 
220 60 min. 3.67 
206 55 min. 3.75 
180 46 min. 3. 91 
228 60 r.Jin. 3.80 
226 71 min. 3.18 
226 60 min. 3.76 
236 75 min. 3.14 
254 60 min. 4. 23 

214 55 min. 3.89 
228 49 min. 4.65 
216 55 min. 3. 93 
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Glossary 

McGary (14) assembled the following list of terms and definitions 

used in assembly line balancing literature~ 

Assembly line- an arrangement of areas where material moves 
continuously at a uniform rate through a series of bal­
anced q:Jerations vt hich enable simultaneous perforr.1ance 
as the 1·1ork progresses tov1ard completion along a fair 1 y 
direct path. 

Assembly line balancing- any means used to acheive balance 
be tv1een the \'/ O!'k assignments of the \·mrk stations. 

Balance delay- The amount of idle time on the assembly line 
due to imperfect division of \·Jork betl·teen v.mrk stations. 
It i s the ratio bet \'teen the total idle time and the total 
time a product spends in moving from the beginning to the 
end of the a ssembly line. The term slack time is used 
interchangea bly \'ti th balance delay time. 

Centralized tray assembly conveyor system- The whole complex 
of i nteracting physical and hu man resources, equipment, 
materials, capital, space, time and manpovter necessary to 
assemb le pa ti ent trays along a mechanized conveyor belt 
to the desired state of output. 

Checker- The op erator at the last v-mrk station on a centralized 
tra y a ss embly line who is responsible for checking the 
food and beverage items on a tray against a printed patients' 
menu, and who takes necessary action to· insure that items 
on the tray correspond to the patient's menu and that spec­
fie quality standards are maintained. 

Conveyor bel t - A moving f lexible belt used to transport materials. 

Cycle time- The a mount of time each unit of a product is normally 
availabl e f or an op er a tor in the performance of an assigned 
ta s k. 

Fixed rate launching - Int roducti on of the ini t i al pa rt of a pro­
duct , that is , t he hospi t a l tra ys , in t o an a ssembly s ystem 
a t r equi r ed i nterval s . 
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Float- An oper~tor not assigned to any specific work station 
who is responsible for obtaining items missed from trays 
and replenishing food and accessory items at all work 
stati ons . 

f-lixed ~-1odel Assembly- A variety of models of the same general 
product \·.Jhich typically requires divergent amounts of 
work, are intermixed on an assembly line, and result in 
une ven distribution of \·mrk and variations in the v1ork 
load of individual stations. 

Operator- An individual assigned to a \·mrk station on an 
assembly line wh o performs assigned tasks upon the unit 
of a product as they are conveyed past his \·Jork station 
during progressive assenbl y. 

Precedence relationship- A description of the ordering in Nhich 
work units must be performed in an assembly operation. 

Set-up vmrk station- The initial ~vork station at which pre­
liminary assembly operations are performed, most of 
V<Jhich takes precedence over the \•Jork activities of the 
other stations . In a centralized tray assembly conveyor 
system, the station work· includes such activities as 
placi ng tray cover, silver, nap ki n, and condinents on a 
tray, and then placing the tray on the assembly conveyor 
belt (launching the tray into the assembly system). 

Station \·Jork content time- The time necessary to perform the 
v10rk conte nt of a given v10rk station, also known as opera­
tion ti me . 

Total vmrk con tent- The aggregate amount of work of all the 
work stations or tot al assembly. 

Total 1·mrk content time - The time required to perform the 
total v1ork content , the \vork activities · of all the \•mrk 
stations in the as sembly system . 

Va ri abl e rate l aunching- Introduction of the initial part of 
the pr oduct into an assembly system at variable intervals. 

Work unit- Groupi ngs of work which cannot b~ subdivided on the 
asse mbly line \Ji thout paying a penalty in extra motions. 

49 



APPENDIX D 



RESULTS OF STOP \'lATCH STUDY - IN SECONDS 

Tray and cover 1.6 2.0 2.2 2.0 1.8 2.2 1.4 2.6 1.4 1.8 
2.2 3.6 2.0 3.0 2.8 2.6 2.4 2.0 1.6 1.6 
1.8 2.0 1.8 1.4 1 . 8 1.6 2.0 

11enu in holder 1.0 1.0 1.4 0.8 2.4 2.2 1.8 1.6 1.4 1 ,, 
o-r 

0. 8 l. L~ 1.4 1.4 2.2 2.6 2.2 2.0 1.2 2.0 
2.0 2.0 2. 0 2. 0 1.2 1.2 1.0 1.2 1.0 1.2 
1.0 1.6 1.2 1.0 1.8 1.2 1.4 1. L~ 1.8 2.4 
1. 8 2. 0 1.2 2.4 2.0 2. L~ 1.4 2.0 1.6 1.2 
1.6 1.4 2.8 

apkin 1.0 2.2 2.0 2.8 1.0 1. L~ 2.6 1.6 2.8 1.4 
1.4 1.6 1.4 1.4 1.6 1.4 1.8 1.8 1.2 2.4 
2.0 2.2 1.8 2.0 1.4 1. 8 1.8 2.0 1.4 1.6 
1.6 2.0 1. 2 2.2 1.8 1.8 1.2 1.4 1.2 1.4 
1 . 4 1.4 2.0 1.8 2.8 1.2 . 1. 8 1.2 2. 4 1.4 
1 . 6 1. 8 2.0 

Sil ven·Jare 1.4 1. 6, 2. 6 2.0 3. 8 2. 0 2.0 1.6 1.6 2.6 
2.0 1. 8 1.6 1.8 2.2 2.0 3.6 1.8 1.8 2.4 
2. 3 2.4 1.4 2.0 3.8 2.2 2.2 1. 6 1.8 1.6 
1.4 1 . l~ 1.2 2.0 1.6 1.6 1.4 1.8 1. L~ 2.4 
2.0 1.6 1.4 2.6 1.8 2.8 2.4 1.6 2.0 1.4 
1.6 2.2 1.8 

Special i tef7ls 1 . 0 2. 4 2.4 2.0 2.0 1 . 6 1.8 2.8 2.2 2.4 
2.8 1.0 1.2 1.0 2.8 2.8 1.6 1.2 1 . 2 2. 4. 

1 . 0 2. 6 2. 2 2.0 1.0 1.0 4 . 0 1.2 2.6 2.0 
2.0 1 . 8 2.4 3.2 1.8 2. 4 1.6 2. L~ 2.0 1.2 
2.0 2. 2 

Condi ments 1.4 1 . 2 2.2 218 2. 2 2.2 3. 2 4 . 0 1.4 1.8 
2.0 1.2 1. 8 1.8 3 . 4 4.0 4.0 4 .0 1.4 3 . 4 
1.0 1.6 1.2 2.6 2.2 1.2 1 . 2 1.6 3.8 2.2 
2. 4 2.0 1.2 1. L~ 2.0 2. 4 1.2 1 . 2 3.0 2.0 

4. 6 2.0 2. 0 2.2 1.8 3.6 2.2 1.4 2. 2 2. 0 
1. 8 1.4 1.2 1.4 2.2 

Jel1o 2. 0 1 . 6 1.4 2.0 2.0 2. 0 2.0 2. 8 2. 0 2.8 

2. 8 2. 8 2. 0 1. 8 2. 6 2. 2 1. 8 2. 6 2.0 2.2 

2. 0 1 . 8 1 . 4 2.0 1 . 8 2. 6 2. 4 2.0 2. 4 2.4 

Brea d & Oleo 2. 2 3 . 8 2. 0 2. 6 3. 0 2. 6 3. 0 2. 8 2. 6 3 . 0 

3. 0 2. 4 3. 8 2. 2 2. 0 2. 8 2. 8 3 . 2 3 .2 3. 6 

2. 2 2. 0 3. 0 3.2 2. 8 2. 4 3. 0 2. 4 
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Pellet 1.4 1.4 2.4 3.8 2.8 4.0 2.6 4.8 4.2 2.6 
2.6 2.8 2.0 2.8 3.2 4.0 3.8 2.4 2.6 5.8 
2.8 1.6 2.6 4.0 5.0 2.8 5.8 3.4 3.2 2.8 
3.4 3.4 2.6 2.2 3.4 4.6 4.2 3.4 4.2 4.8 
4.4 2.2 2.2 3.4 4.0 3.2 3.4 2.6 3.2 3.8 
3.6 4.0 4.0 

Mi lk and straw 4 .0 5.8 3.4 6.2 2.6 1.4 7.2 7.0 5.2 6.8 
4.2 2.8 5.2 3.2 3.6 5.8 6.8 4.2 8.4 3.6 
3.4 2.2 2.6 2.8 4.8 3.8 8.0 2.2 2.0 2.8 
5.0 4.4 6.8 4.4 6.0 4.2 6.0 7.2 5.2 3.6 
2.6 3.6 4.0 5.8 4.2 6.6 4.6 4.2 6.8 4.8 
3.8 2.8 2.2 2.4 

Jui ce 2.0 4.0 2.0 2.2 2.4 2.4 2.8 2.0 2.0 2.4 
3.2 2.4 2.6 4.2 3.2 2.0 7.0 3.6 2.6 3.4 
3.0 4.0 3.0 3.8 2.0 1.8 2.2 3.4 6.0 2.4 
2.4 3. 8 3.6 1.8 2.4 3.8 4.2 2.4 3.2 

Carb ona t ed 2.2 3.6 4.4 5.8 3.4 3.6 4.8 7.0 2.0 4.2 
beve r age & cup 4.2 5.2 3.8 7.2 4.0 3.2 7.0 4.8 3.8 4.4 

8.6 3.0 2.4 4.0 3.2 4.2 3.2 4.2 2.0 4.8 
4.8 5.2 4.6 4.2 6.8 7.0 4.4 2.8 5.2 4.8 
3.2 2.0 3.2 3.6 2.4 4.4 5.2 5.4 6.0 5.0 
4.4 2.2 2.6 5.2 3.4 

Coffe e or ho t 2. 6 2. 8 3.0 3.6 4.6 1.6 1.2 2.8 2.6 4.2 

wa ter 2.6 2.0 5.0 3.4 3.8 2.0 2.8 2.8 5.8 2.2 
2.4 4.2 2.8 2.4 1.6 2.8 2.0 4.2 2.2 3.8 
3. 8 2.0 3.0 2.0 3.4 3.4 3.4 6.0 2.8 4.0 
5.4 3.2 3. 6 3.8 3.4 3.0 2.0 3.6 4.0 2.2 
2.4 2.0 3. 8 

Che cker 8.2 8. 8 6 .4 9.0 14.2 8.2 7.8 11.0 14.0 7.2 
5.4 4.4 7.0 4.6 7.8 8.8 10.0 10.2 12.6 4.6 
2.4 4.6 10.6 4.0 10. 6 6.8 7.2 4.0 11.0 10.2 
4 .4 10.2 14. 6 10. 6 9.2 7.6 12.8 8.4 8.2 

Loade r 5. 4 3. 8 6. 0 3.0 3.0 4 . 8 8.0 4.8 4.6 6.4 
4. 4 5.2 4. 8 5.2 3.4 3 .0 7. 4 5. 0 6.0 5.6 
4. 0 3 .6 5. 0 5.2 3.4 4.2 5.4 3. 6 4. 6 4. 8 
3. 6 8. 8 4 . 8 4 . 0 5. 0 6. 6 9. 4 5.6 5.2 5.2 
4.4 3. 8 4 .4 4 . 8 4.2 3. 6 4.2 3.0 3.4 4.2 
4.0 4.2 7.0 5.2 

Broth 9. 2 7. 0 10 . 8 9. 4 10 . 8 11. 6 16 . 0 10.2 10 . 0 14. 8 
7. 2 11 . 8 12 . 6 8. 8 12 . 6 14 . 2 10 . 0 9. 6 10 .2 12.2 
9. 4 10 . 2 10 . 4 l1 . 0 10 . 2 11 . 8 9.2 9. 2 7. 8 14 .2 
9. 8 12. 4 16 . 8 9. 2 13 . 4 12 .2 14 .2 14 . 4 12 . 0 
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Soup 8.2 17.0 13.0 12.6 14.0 14.4 11.0 10.0 17.0 8.0 
7.6 10.2 11.0 14.2 11.8 11.2 14.8 7. 4 14. 2 17.6 
7.4 9.0 12.4 10.8 13.0 14.0 11.8 12.6 11.2 19.6 
9.6 

Dry cereal 2.0 1.4 1.4 3.8 4.6 4.6 3.2 4.2 2.0 2.0 
2.0 2.4 2.0 2.2 2.4 2.6 2.2 1.8 1.8 4.2 
1.6 2.6 2.4 2.0 3.4 2.4 2.8 2.8 2.0 1.4 
1.6 2.0 2.4 2.0 2.0 1.8 1.8 1.6 1.8 1.6 
1.4 1.4 1.8 1.6 212 1.8 1.6 2.0 2.6 2.0 
2.4 3.6 2.2 

Breakfast fruit 4.0 3.8 3.2 4.6 2.6 3.4 3.4 3.2 3.6 2.8 
3.2 3.2 4.8 3.6 3.4 4.6 2.4 2.8 4.8 2.6 
2.0 2.6 

Jel ly & ole o 1.4 1.6 3.2 2.4 2.0 3.6 2.0 2.4 2.8 2.0 
2. 4 2.2 3.4 2.8 3.2 2.8 1.8 1.2 3.4 2.0 
4.6 2.2 2.8 3.2 3.4 2.4 3.8 4.2 1.4 2.4 
2.4 4.0 4.0 3.2 2.0 2.8 2.6 3.0 2.6 4.2 
2.8 3.4 3.4 2.6 4.0 4.2 3.4 2.2 

Regu lar plate 7. 8 12.0 10.2 18.6 14.4 10.6 10.2 11.6 10.2 10.0 
(breakfast) 9.2 12.0 11.4 13.2 9.8 12.2 9.0 7.6 6.6 8.0 

9.6 11.0 8.4 11.8 15.0 10.2 7.2 10.2 12.8 11.4 
9.6 12.2 12.2 10.2 10.2 10.8 11.6 8.4 11.6 8.0 
9.6 8.6 10.6 8.6 9.8 10.4 

Diet plate 26.8 20.2 18.8 20.4 10.0 21.0 11.6 14.2 23.4 25.8 
28.4 24.0 10.4 13.8 22.8 14.6 19.6 14.0 20.0 12.2 
23.0 18.2 24.2 36.4 18.4 19.2 15.4 25.2 13.6 17.2 
16.0 11.2 17.2 18.2 25.0 24.6 14.2 20. 8 23. 6 24. 2 
16.6 27 . 4 20.2 

Ho t cereal 5.4 5.2 12.0 5.8 8.0 7.2 10.0 9.8 12.0 7.2 
9. 8 11.0 7.0 12.2 14.6 9.0 7.2 8.8 8.0 10.0 
6.6 10. 8 7. 8 11.0 11.4 9.8 7.0 8.0 9.6 13.2 
9.0 12. 6 14.0 6.2 12.2 10.2 17.0 8.2 7.2 

Sa lads 3.4 2.0 3.0 2.4 2.2 2.2 2.4 3.2 3.8 3.2 
5.8 3.0 2.2 2.8 3. 8 4.0 2.8 3.0 3.4 3.2 
3.6 10.2 3.0 3.6 4.2 2.8 2.6 2.0 3.0 

Desse rts 3.4 2.2 2.0 3.0 2.2 2.2 2.4 3.2 3.8 3.2 
5. 8 2.4 3.0 2.2 2.6 2. 6 2. 8 3.0 8.2 2. 8 
2. 6 2.8 2.0 2.4 2.4 3.6 4 .2 2.8 3.2 

Regu lar plate 13 . 0 12 . 0 17.2 9.0 11.0 17 . 0 16 . 8 17.0 13.2 16.2 
16.2 14 .2 12 .2 14 . 0 14 . 0 9.2 10.0 19.4 16.4 17.4 
17 . 6 10 . 4 13 . 0 11 .2 
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Soft plate 16.4 18.6 12.0 20.8 14.6 12.8 16.0 14.0 16.8 22.4 
(lunch and 20.2 25.8 12.0 15.2 16.0 12~4 12.0 22.0 19.6 23.0 
dinner) 14.0 15.0 14e6 19.0 17.6 21.6 27.2 

Diet entree 29.0 27.2 41.2 17.6 29.6 61.0 19.6 50.0 33.8 27.2 
23.8 25.6 16.0 13.4 35.0 28.2 

Diet vegetabl es 55.0 29.6 16.0 29.5 23.2 22.8 14.0 36.0 7.0 15.0 
15.4 9.2 20.4 22.6 17.6 

Iced tea 2.4 2.0 2.0 1.0 1.4 1.6 1.2 1.8 1.8 2.6 
2.6 1.8 1.6 1.8 2.4 2.0 1.8 1.8 1.4 2.2 
2.0 2.0 1.8 1.6 2.2 1.8 1.4 1.6 1.0 3.8 
1.8 1.0 3.4 2.8 2.2 1.6 1.6 1.8 1.8 2.0 
1.8 1.8 2.2 

I ce cream 1.8 l~. 2 2.4 2.8 2.0 3.2 2.4 2.0 2.4 2.4 
4.0 2.8 5.0 4.0 3.0 2.8 2.0 2.8 2.0 4.2 
2.0 2.0 1.8 1.8 2.2 2.8 2.2 2.8 3.4 1.4 
2.0 1.8 2.0 2.0 1.6 2.4 2.0 1.6 2.2 3.6 
4.6 5.0 4.8 2.2 4.3 3.8 
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Work Unit Content Times (in t·1inutes) 

Tray 0.021 Hot cereal 0.095 

~';enu in hol der 0. 016 Soup· 0.122 

lap kin 0. 017 Salads 0.033 

Sil ven.,Jare 0.020 Desserts· 0.031 

Specia l Itefils - Tea Regular Plate 
bags , t·lel ba toast, Lunch and Dinner 0.141 
Cra c kers, Creamer, 
Decaf . Coffee 0. 019 Soft Plate 

Lunch and Dinner 0.175 
Condir.1ents 0.022 

Diet Entree 0.299 
Jel lo 0.021 

Diet Vegetable 0.222 
Pellet 0.033 

Ice Tea 0.019 
Bread and oleo 0.026 

Ice Cream 0.027 
Hilk and str a1'' 0.044 

Juice o. 030 

Ca r bona ted Be vera ge , 
Cup 0.043 

Coffee or hot ~tater · 0.032 

Checke r 0.084 

Loader 0. 04 8 

Broth 0.112 

Dry Cereal 0.023 

Breakfas t fruit 0.034 

Jelly and oleo 0. 028 

Regular Br eakfast 
plate 0.1 05 
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