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Preface

This report was completed by means of an IPA Assignment Agreement between
Cornell University and the U.S. Army Natick Research, Development and

Engineering Center (NRDEC), under Program Element No. 728012.19. The project

officer for NRDEC is Mr. Leo J. Harlow.

This Center agreed to hire Dr. John B. Knight to investigate and identify
parameters for evaluation of foodservice equipment. Not only will this Center
have a useful tool to help assess foodservice equipment, but the University
will also benefit from the practical experience gained by Dr. Knight, which

will enhance both his teaching and research assignments.
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AN EVALUATIOY SYSTEM FOR FOODSERVICE EQUIPMENT

INTRODUCTION

Purpose of Study

To provide the Systems Engineering Division of the Feod Engineering
Laboratory at U.S. Army Natick Research and Development Center (recently
renamed the U.S. Army Natick Research, Development and Engineering Center) with
the technical capability necessary to accomplish the complex analyses
assoclated with military field foodservice programs, a test protocol was
developed for evaluating selected items of commercial foodservice equipment for
military use.

Foodservice equipment purchases are a significant expense for focdservice
operators. In the early 1980s, foodservice equipment purchases totalled over
three billion dollars.l Moreover, a survey showed that 70 percent of
operators interviewed were planning to purchase a major item of foodservice
equipment during the next twelve months.2 Because selection of the optimal
piece of equipment is of major importance to foodservice operators for the
military as well as for industry, this study was undertaken to identify and

weigh all aspects pertinent to makir: a selection.

Procedure

Selection of a specific machine requires consideration of many factors.

These factors fall into three main categories: operation of machine, cleaning
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and maintenance, and service and reliability. Each category has several
suhcategories.

The protocol is intended to permit equipment to he evaluated for functional
design, implementation, and performance, in particular -~ capacity; quality of
product; ease of operation; safety and compiiance to health codass; frequency,
amount, and ease of cleaning and maintenance; durabiljty and reliability;

energy efficiency; warranty; and service. Method of investigation was by

visual examination of equipment and its specifications, review of service and
operator manuals, personal interviews with commercial and military foodservice
personnel, and literature searches on related subject.

To aid the user and prospective purchaser in evaluating equipment, a form
was devised that, when completed for each piece of equipment considered, will
contain all pertinent information to arrive at a judgmental decision.

In the discussion following, the information given describes general
features important in the selection of ail types of foodservice machinery.

Each feature is defined, and an explanation of its importance to the selection
process 1s included. A series of evaluation systems -- one for each major item
' of foodservice equipment -~ follows in Appendix A.

Prior to the development «f this protocol. no accepted or standardized
procedures for the evaluation of commercial foodservice equipme:t existed -
within the military. It is anticipated that, through the use of this protocol,
military foodservice operators are provided with a basis by which they can
evaluate the functionality of bnth current and forecasted commercial processing
technologies against military field foodservice requiremeni's and objectives.

An additional benefit derived from these analyses will be to economically

reduce the volume of selected items.
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Operation of Machine

|

‘ GENERAL PARAMETERS OF FOODSERVICE EQUIPMENT
E

E Capacity.

Capacity of a machine may be defined as the maximum rate it can accomplish
the task for which it was designed. Practical definitions applied to
foodservice equipment require further specificity. Maximum capacity is :the
absolute greatest rate the machine can perform its function. Maximum working
capacity is the highest rate a machine can consistently perform its function.
Minimum working capacity is the slowest effective rate a machine can work,
either from an economic or physical parameter. Also to be considered in
studies of capacity is tha rate of maximum efficiency, or the rate of operation
that produces a product of the highest quality at the least expense per
portion.

It can easily be seen that these aspects are important when evaluating and

selecting foodservice equipment. A piece of equipment ideally should be

selected so 1t consistently works &zt or near its rate of maximum capacity, it
never falls below its minimum working capacity, and it is never expected to

exceed its absolute maximum capacity. These relationships are shown in Fig. 1!.

R NN TR i eSS

Operation of any machine below its minimum or above its maximum physical
capacity is not possible; no product will be produced. 1In between the minimum
and maximum erd points, the quality of product produced and the efficiency of
the machine's operation will increase to a certain point and then decline as

the maximum machine capacity is apprvached. The goal of the manufacturer
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Figure 1. Ideal utilization of machine capacity.

should be to produce amachine with peak machine efficiency at the same
production rate that produces the highest quality product. As projected in
Fig- 1, this point is at 6.2 portions per tlme unit. A purchaser of a machine
should select a machine so that the point of normal use, or rate at which it is
expected to operate the machine most frequently, is at or near the peak
performance of the machine -- again, in this example at 6.2 portions per time
unit. The operator must also ensure that the minimum and maximum expected use *
rates fall within the end points of the machine's physicel capacity.
Two aspects of capacity must be considered when selecting equipment: the

pattern of individual requirements, and the pattern of a manufacturer's
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compliance with practical limitations. For example, ideally, a manufacturer
should produce a machine so its rate of maximum efficiency is at its maximum
working capacity. The operator should select a machine so its point of maximum
efficiency is at the operator's point of normal usage.

. Thus, the first step in selecting an ind’vidual piece of equipment must be

to define the operacor's parameters of capacity:

At what rate will the machine normally be expected
to function?

What is the maximum expected rate of performance
under unusual circumstances?

What is the slowest rate at which the machine will
normally have to operate?

According to the American Gas Association. to calculate the nccessary

capacity one must --

1. Select a sufficient number of ftypical menu items, eo that all

typical foods to be processed through the cquipmnent are listed;

2. Determine auticipated number of portions required and the portion

size to be served;

3. Multiply the number of portions by »ortion size to obtain total

quantity required as served;

4., Calculte peak demands, or calculate a maximum number of portions

. per minute;

5. Calculate norwal number of pocrtions per minute;

6. Consider luss of quality of product frem excessive holding time,

and loss of quality due to too large s batch size;
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7. Evaluate alternative cooking methods for efficiency and use of

equipment for other processes.3

Accuracy of the capacity calculation is critical, as the remainder of the
operator's required specifications must be based on the calculated capacity.
Using the calcuiated capacity, the cperator needs to develop a complete list of .
specificaticns encompassing all the requirements the specific machine must
have. Utilizing two smaller machines for the same function to provide
insurance in the even:t of breakdown may be desirable. However, reducing the
size of the machine typically increases the labor, as more batches must ULe
run.4 Factors unique to the operation, such as excessively hard water, no

gas, space limitations, etc., should be clearly indicated.

Consistency and Quality of Product

Consistency and quality of product are affected by deviations from ideal
conditions of machine use. Under ideal conditions, it may be assumed that a
product will be produced that is consistently of good quality. The important
considerations are -- what are ideal conditions, and how much deviation from thenm
may occur before product quality and consistency suffer? Does the individual
manufacturer define ideal conditions at point of maximum efficiency, or is it
some hypotheticel situation achievable only under laboratory conditions?

An example of deviation from ideal standards is zool spots in convection
ovens. The U.S. Army Natick Research and Development Center ran tests using F
commercial convection ovens. All ten shelves of the ovens were loaded with

four pans per shelf of frozen food product. The fastest pan reached 160¢
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Celsius in 120 minutes, while the slowest took 180 minutes.5 This variation
18 due to overloading of the ovens and design flaws or deviations from ideal
conditions.

Comparisons in quality must be objective, and they must compare product
preﬁared in similar ways. A hamburger that is griddled on a flat griddle will
cook faster than one that is charbroiled.6 It will also be very different in
taste and appearance than one that is charbroiled. These differences need to
be compensated for when evaluating a machine for consistency and quality of

product.

Ease of Operation.

What is the probability of neglecting to perform a step in either the cevrup
or operation of a machine? How much does the omissicn of a given step affect
the ultimate performance of the machine?

Arthur Avery suggests that ease of operation has a signigicant effect on
reducing employee turnover. For example, if an employee has to stoop over to
operate the machine, his fatigue level will increase and he may quit.7
Controls need o be withiii comfortable reach and easily operated, handles
should be well insulated, and lifting and bending requirements should be
minimized.

Obviously, the more steps required to set up and use a machine, the greater
the possibility of omitting one or more steps. Thus, one way to measure ease

of operation would he to calculate how many steps are involved in the operation

of the machine. Another measure of ease of operation is the amount of training
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required for proper use of the equipment, If a large amount of training is
required, the machine is not as easy tc use as one that requires little
training.

Closely related to ease of cperation is the degree of detectability of an
error. If the machine isn't turned on, it is easy to detect. The omission of
a manually inserted solids trap in a dishwashing machine may not be detected

until the drain becomes plugged.

Safety and Compliance to Health Codes.

Safety must take into acccunt all physical aspects of the machine. All
steps of the machine's performance and care must be possible without the
operater being placed in significant danger. The machine's constiuction must
be acceptable to any appiicable health codes.

Several organizatises provide guidelines in this area. ASME (American
Society of Mechanical Engineers) governs pressure vessels and pressure lines.

UL (Underwriters Laboratory) covers electrical standards, and the AGA (Lmerican

Gas Association) menitors gas equ.:»ment. NSF (National Sanitation Foundation)

standards incorporate OSHA (Occupational Safety and Health Act) safety

=2

requirements as welil as providing minimum standards for materials permicsible
in construction, where they may be used, methods of fastening, and other
limitations that health regulatory agencies may place on constructicn of

foodservice equipment. Basic NSF guidelines for general foodservice equipment

e IR R AP TR A

are discussed in the "Cleaning and Maintenance" section of this paper.
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Liability risk is a stong incentive for manufacturers to produce a saife
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machine. Safety may become a more important variance among manufacturers if
the Product Liability Act is passed. This act requires the operator to prove
negligence on the part of the manufacturer for liability claims. Punitive
damages are limited to the first person bringing suit, and if a jury
determines the ''benefits and usefulness of the product to the public outweigh

the likeiihood of harm," the manufacturer is not liable.8
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Cleaning and Maintenance

General,

NSF guidelines provide minimum specifications for items related to cleaning
and maintenance. These include internal corners rounded to minimum radii :
without use of solder; all surfaces smooth and free of crevices, ledges, irside
threads and shoulders, bolts, and rivet heads; non-cracking coatings; all
construction materials non-toxic, non-absorbent, and chemically non-reactive
with food or cleaning agents: all construction materials should impart no
significant color, odor, or taste to fcod; waste should be easily
rtemovable.‘3 Equipment should have a permanently attached plate describing
cleaning procedures.lo Parts that are difficult to clean should be protected
from dirt, and equipment should not premote unsanitary employee ptactices.ll

NSF defines easily cleanable as: ‘''readily accessible, and of such material and

finish and so fabricated that cleaning may bLe accomplished by normal
methods.12 The majority of the machine's parts should be easily cleanable.

An important consideration when comparing cleanability is that NSF
standards are minimums. An individual manufacturer may exceed the NSF
guidelines making an appreciable difference in cleanability. For example, NSF
specifies a minimum radius of 1/8" for an internal two-corner joint.13 1f

this were increased by the manufacturer to 1/4", the machine would be unore

easily cleaned and maintained.

Frequency of Cleaning and Maintenance.

How often must maintenance other than normal cleaning be performed on the

equipment? Are there a large number of daily tasks as opposed to weekly tasks,

10
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or monthly tasks? A daily maintenance task that becomes part of the daily
routine is not likely to be forgotten. 1Is the manufacturer, by specifying only
monthly maintenance, stretching to the limit the performance specifications of
the part ultimately affecting the durability of the equipment? Some
maintenance procedures can cause as much damage if performed too frequently as
if not often enough. A purchaser of equipment needs to be able to interpret
maintenance specifications for proper frequency of maintenance procedures.

The majority of cleaning tasks needs to be performed at least daily. For
those other than daily, the same chance of forgetting the task must be

considered as in the maintenance of the machine.

Amount of Cleaning and Maintenance.

Is there so much cleaning and maintenance required that the cost of
performing it becomes prohibitive? Total number of tasks required in
maintaining and cleaning a machine is a good indicator of the amount of
maintenance required. Are the specifications furnished by the manufacturer
accurate and realistic? For example, in Appendix B, two daily cleaning
procedures for coffee urns are reproduced. In both procedures, directions are
complete and easy to follow, but unote the significant differences in
procedure. Procedure I requires the use of an urn cleaner daily. Procedure II
specifies that water be left in the urn overnight. There is a significant time
and cost difference between the two procedures. The evaluator needs to be

able to recognize these differences.

11
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Ease of Cleaning and Maintenance.

Ease of maintenance and cleaning refers to the amount of time required for
each individual task. Required disassembly of the machine for cleaning or
maintenance increases the difficulty of those tasks. 1If tools are required for
disassembly, the procedure becomes more complicated. Use of tools and frequent
disassembly will lead to wear and increased repair cost on parts specifically
involved in the disassembly/reassembly process. If an area of a machine is
difficult to reach, there is a greater probability it will not be properly
cleaned or maintained.

NSF defines accessible as "capable of being exposed for cleaning with the
use of simple tools such as a screwdriver, pliers, or an open-end wrench;" and

readily accessible uas "exposed, or capable of being exposed for cleaning and

inspection without the use of tools, Obviously the more cleaning and
maintenance points that are readily accessible, the easier these functions will

be able to be completed,

12
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SERVICE AND RELIABILITY

Durability and Reliability.

The ultimate test of the durability of a machine is how often it must be
repiaced. The U.S. Department of Commerce guidelines for some foodservice
equipment are: cvoling equipment--20 years, slicers--7 to 1C years,
dishwashing machines--15 years.15 These few examples indicate that the
durability of foodservice equipment is typically quite high.

Durability paramaters are based entirely on physical construction aspects.
These aspects of the machine must be examined individually. Some examples of
the type of comparison to be made follow. The fewer moving parts, the more
durable and reliable the machine will be. Gauge of metal should be compared
between machines. A machine weighing more than a similar ~-ize, comparable
machine may have heavier construction and be more durable. Quality of metal
used in moving parts is important, as the most stress is applied to these

areas. A welded joint is superior to a spot-welded, bolted, or riveted joint.

Casters and legs must be compared. Stainless steel is preferred to galvanized
or coated panels on non-food zones and splash zones, where the option is
permitted by the NSF. The physical comparison must be as detailed as possibie
and cover as many specific points as can be examined.

Durability of most machines is high enough that frequent replacement occurs
because of energy and time cfficiency consideration. Menu changes may be
important in the decision to replace equipment. Changing technology,
increasing versatility, and quality of product possible from a machine are also

frequent factors in equipment replacement.

13
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Energy Efficiency.

Cost of operation of the machine should be minimized. ASTM (American
Society for Testing and Materials) was developing specifications for
tests by manufacturers to determine energy effic:i.ency.”J When available,
these fizures may be used. Energy-use figures for machines not yet covered by
ASTM are generally available from the manufacturer. These figures may have to

be converted to comparable units, and they may be taken under ideal conditions

not feasible for realistic comparison.

Warranty.

A gcod warranty is indicative of a company's williugness to stand behind
its product. Warranties must be compared tor duration and scope of coverage.
Items that are not included should also be compared, as these omissions and
exclusions can create sugnificant differerces between warranties.

The availability and type of warranty service must be considered. A
manufacturer may authorize a specific local company for warranty service. Some
manufacturers provide their own exclusive warranty service giving the operator
no option in selecting a service agency. Others have no authorized agents or
factory service, thus allowing the operators to select their own service
agency.17 Because direct warranty service by a manufacturer is not as .
proximate as local service agencies, it will likely be slower than warranty

service by local service companies.

Services.
Two aspects of service must »e evaluated: the frequency and difficulty of

service required, and the quality of service backup from the manufacturer. The

14
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ASTM has provided uniform specifications for manuals accompanying foodservice
equipment. Categories included are: wunpacking instructions, installation and
start-up manvals, operations, mainterance, troubleshooting, repair and
component replacement, special tools, and parts list.18 If possible these
manuals should be compa-ed.

Operators tend to purchase equipment based on past experience with a given
manufacturer.19 These typically are service related considerations, and are
good indicators of both frequency and quality of service. Different types of
machines require different amounts of service, and they vary in the relative
difficulty of service.17 These attributes are shown in Table 1. These

differences need to be considered when basing service evaluations on past

experience.
TABLE 1.
Service Differences in Foodservice Equipment
Percentage Respondents Indicating:
Type of equipment never Most breakage

serviced properly

Dishwasher 187 Dishwasher 217
Refrigerator 16 Refrigerator 10
Steamer 13 Ice Machine 9
Oven 12 Oven 5
Stove 11 Steamer 5
Ice Machine 10 Other 1)

SOURCE: "You'll Fix it When? A Guide to Reputable Repairs for Food
Equipment," Restaurants & Institutions. May 1, 1981, p. 2J1.
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The manufacturer's commitment to service must be evaluated. The number of
factory service centers, or service centers with factory authorization is a
good figure to use when comparing manufacturers. A company'’'s attitude towards

warranty service will also show commitment tc service in gencral.

CONCLUSION

The factors describecd in this paper relating to foodservice equipment
selection may be used to accurately select the optimal piece of equipment for a
given purpuse. From these general parameters, a system of equipment avaluation
for specific machines has been developed. The developed system could be used

for any of the machines listed in Appendix C.

RECOMMENDATION

It is recommended that, when contemplating a major purchase of foodservice
equipment, military foodservice operators use the protocol set forth in
Appendix A of this document and thus consider all aspects necessary to aid in

evaluating the functionality of such commercial equipment prior tc purchase.

This document reports research undertaken at the

US Army Natick Research, Develcpment and Eugineering
Center and has been assigned No. NATICK/TR-¥ /7 /o

in the series of repurts approved for publication.
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APPENDIX A. Use of Evaluation System

APPENDIX B. Procedures to Clean Coffee Urns

APPENDIX C. A List of Foodservice Equipment
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APPENDIX A. USE OF EVALUATION SYSTEM

Tadle of Contents:

Evaluation System for Ice Maker
Evalustion Form for Ice Makers
lIce Maker Evaluation Fu.om Guide

Evaluation System for Ice Dispensers
Evaluation Form for Ice Dispensers
Ice Dispenser Evaluation Form Guide

Evaluation System for Toasters
Evaluation Form for Toasters
Toaste: Evaluation Form Guide

Evaluation System for Convection Ovens
Evaluation Form for Convection Ovens
Convection Oven Evaluation Form Guide

Evaluation System for Range Tops
Evaluation Form for Range Tops
Range Top Evaluation Form Guide

Evaluation System for lilting Fry Pans
Evaluation Form for Tilting Fry Pans
Tilting Fry Pan Evaluaticn Form Guide

Evalustion System for Shelving
Evatuation Form for Shelving
Shelving Evaluation Form Guide

Evliuation System for Vertical Cutter/Mixere
Evaluation Form for Vertical Cutter/Mi. :rs
Vertical Cutter/Mixer Evaluation Form Guide

Evaluation System for Slicers
Evaluation Form for Slicers
Slicer Evaluation Form Guide

Evaluation System for Deep Fat Fryers
Evaluation Form for Deep Fat Fryers
Deep Fat Fryer Evaluation Form Guide

Evaluation System for Coffee Urns
Evaluation Form for Coffee Urns
Coffee Urn Evaluation Form Guide

Evaluation System for Griddles
Evaluation Form for Griddles
Griddle Evaluatiou.: Form Guide

Evaluation System for Meat Saws
Evaluation Form for Meat Saws
Meat Saw Evalustion Form Guide

Evaluatiin System for Vertical Food Mixers
Evaluation Form for Vertical Food Mixers
Vertical Food Mixer Evaluation Form Guide

Evaluation System for Pressure Cookers
Evaluation Form for Pressure Cookers
Pressure Cooker Evaluation Form Guide

Evaluation System for Steam Jacketed Kettles
Ev.luation Form for Steam Jacketed Kettles
S.cam Jacketed Kettle Evaluation Form Guide

Fundamentals of Steam
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AFPENDIX A. USE OF EVALUATION SYSTEM

When selecting a plece of equipment, there are several choices that must be
made¢. These choices are independent of the actual evaluation process and
should be completed prior to comparison of machines. The descriptive portion
of each specific evaluation outlines these choices and theilr importance to the
selection process.

Evaluation forms have been prepared to provide an effective method of
comparing similar pieces of equipment. They provide a method of summarizing
many different types of information. A numerical ranking system has been used
to convert the information to a quantitative comparison basis. This aiso
allow emphasis to be placed on critical factors, while other areas not quite
as 1lmportant may be de-emphasized. Accompanying each form is a guide to
completion of the form. These guides provide background information and
criteria for completion of the form. Some terminology and formats used are
described in the General Parameters section of the text, so the evaluator
should be familiar with that section of this report.

Occasionally, a specific machine will score significantly higher than uther
machines cxamined. Capital cost also will be significantly higher. This
typically reflects s potential increase in longevity, and the evaluator should

consider this possibility.
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EVALUATION SYSTEM FOR ICE MAKERS

Ail ize wakzre function by removing heai from «u evaporator with a
compression refrigeration system. Enough hecat is removed so water flowing
across the evaporator plate freezes onto tlie evaporator, creating ice. The
evaporator is a major variable between ice makers. It can be either 3 flat
plate, a patterned mold to produce specific ice shapes, or a cylinder. Ice is
removed from the evaporator in one of two ways. Either heat is applied meltine
the ice off, or ice is continuously shaved off the cold evaporator plate.

There are enough fundamental differences between the twoc types of ice
production that they cannot be directly compared.

In the flake method of ice production the evaporator is a cylinder. Water
flows over the inside wall of the cylinder freezing to the surface of the
cylinder. The ice is scraped off with a continuously rotating auger. The
auger pushes the ice to the top of the cylinder and into the holding bin.

larvest method machines cycle. Part one of the cycle is the freezing
portion. The compressor runs during this portion of the cycle, and water flows
across the evaporator plate, freezing to the plate surface. After a certain
period of time, the compressor turns off, and the recirculating pump stops the
flow of water across the evaporator. The ice then falls into the bin. This
causes the compressor to start and the water to flow, repeating the cycle. !
There are several methods of removing the ice sheets from the evaporator: some
machines utilize only gravity; others push the sheet away from the evaporator
with a metal finger; and in some the evaporator plate itself tilts, allowing
the ice to drop into the bin.

In mold-shape evaporators, the ice is broken into cubes as it falls into the

bin. Machines with flat evaporator plates, or cylindrical plates, drop the ice
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gheet onto a heated grid of fine wire whick melts the ize inte cube shapes
which then fall into the bin. A comparison between the two types «f harvest
machines and the flake machine is shown im Fig. A-l.

There is a significant difference in the properties of ice produced by the
two basic types of ice machine. Pure 1ce is called 144 Beu ice. It requires
144 Btu of heat to melt one pound of pure ice. Harvest type machiries produce
144 Btu ice. Ice producved by a flake machine is around ivv btu ice. 7Thus harvest

method ice has 30% more "cooling power' than flake ice.

Other differences between the two tynes of machine are:

1. A flake machine costs lese to operate than a harvest type;

2. A flake type machine costs less to purchase than a harvest type;

3. A water recirculation pump is not needed in a flake type machine as
virtually all the water is converted to ice as it passes over the
evaporator;

4. A flake ice machine is siwnler in conrept;

5. When a flake machine breaks down, it will probably require replacement
of the vertical auger and/or main bearing. This is very expensive,
and in some service agencies it has been found cheaper to replace the
entire compressor and evaporator unit.

Ice maker condensor units may be either air or water cooled. A
water-cooled unit is more effective and will imprcve the performance of the
unit in high ambient temperature environments. Water consumption is high,
however. and this cost plus increased sewage costs should be considered in
selecting the ideal system.

Selection of one of the two tynes, harvest or flake, is dependent upon the
intended use of the ice, and th= type of operation it is to be used in. If the
unit is to be replaced on a five-year remodeling plan, a flake ice machine may

be adequate. If longevity is desired, a reliable maintenance program ié

essential., If the operation is capable of providing that type of service, and
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Flake Type Ice Maker

Rotating augex forces ice
out top of cylinder into
discharge head leading

I to bin,

Water flows down Vertical Auger
\

SEOS0 DR LS To compressor unit

Ice is scraped and water feed.

off evaporator

plate by auger,

Cylindrical

Evaporator

Plate
Patterned Mold Evaporator Flat Sheet Evaporator
Harvest Type Ice Maker Harvest Type Ice Maker

Water discharge across top of plate,

Recirculating Recirculat
Pump Pump

During harvest ice drops During harvest ice drops
from evaporator directly from evaporator onto heated
into bin., Force from the fine wire grid. Fine wires
drop breaks the ice into cut ice into desired shape
cube shapes formed by the allowing it to drop intc bin,

patterned mold.

Figure A-1. Comparison between types of ice makers.
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the abuse of the machine is limited, a heavier capital investment may be

justified. One manufacturer has rated the typical lirespan of an ice maker as

seven years.

Capacity. The amount of ice required in a specific operation is highly
variable. It is dependent upon the amount of beverage service, the amount of
service used for salad bars, etc., the demographic makeup of the clientele, the
type of ice used, the ambient temperature of the operation, and many other
factors. One manufacturer gives a rule of thumb figure of 1-1/2 pounds ice per
dining room customer, and 3 pounds per cocktail lounge customer. These figures
are very general, and a better guide is the current level of usage in a
specific location.

Bin capaciiy is as important as ice machine production capacity. When the
bin is full, the machine turns off. The bin needs to be large enough to carry
the operation through its ice requirements during peak demand times. Rated bin
capacity should be used only as a guide because ice mounde up under the drop

point. The machine may turn off when the bin is only at 707 of jts rated

capacity.

Comparison Factors. When comparing ice makers, there are some factors

which must be equated.

1. Ambient air temperature and water supply temperature. The air
conditioning and refrigeration institute uses a standard of 90° F
air temperature and 700 F incoming water temperature as reasonable
guides for foodservice operations. Most manufacturers list the
capacity of their machines at 70° F ambient temperature and 50 to
60° F incoming water temperature. These differences need to be
accounted for in the machine comparisons.

2. Energy Consumption. This figure should be in terms of the

final product produced. Kilowatt hours per hundred pound of ice
produced is a common measurement.
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3. Horsepower. The ultimate refrigeration is accomplished by the
compressor. The horsepower rating of the compressor indicates the
potential cooling capacity of the entire machina.

;ccessories to be Considered

1. flake ice compactors

2. stacking units

3. 1ice pumps

4, dispensing units

5. heat exchangers

6. closed system water cocled condensers
7. incoming water filters

8. 1ice crushers

26
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EVALUATION FORM FOR ICE MAKERS

Brand Model
Flake type _ Harvest type _
NSF Approved UL Approved
Compressor HP Bin size 1b
Energy Consumption kWh/100 1b ice L
1. Capacity: __ 1b per day at degrees air temp.,

degrees water supply temp.

2. Bin normal level of fill (1-5) -
3. Consistency and quality of product (1-5)
4. Ease of operation (1-5)
5. Compliance to health codes (1-5)
6. Frequency of cleaning and maintenance (1-5)
7. Amount of cleaning and maintenance (1-5)
8. Ease of cleaning and maintenance (1-10)

9. Durability and reliability

Bin and outer cabinet (1-5)

Compressor unit (1-5)

Evaporator dump (1-5)

| Water recirculation system (1-3)
Water intake (1-3)

Water coverage of evaporator (1-5)

10. Energy efticiency (1-5)

11. Warranty (1-5)

12. Service (1-5)

Total Rank Points

Cost of machine §$
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ICE MAKER EVALUATION FORM GUIDE

1. Capacity is not ranked. If proper capacity is not selected, none of the
other criteria will be applicable.

2. Some bins approach their rated capacity closer tian others. Shape of bin
affects this, and some manufacturers use levelin» devices to prevent ice from

heaping under machine discharge. Rark the most eftrective bin utilization
highest.

3. CZvaluate the clarity of the cube, the consistency in size of cube, and the
consistency of cubes throughout entire harvest.

4. Compare door openings for whether it can be cpened with one hand, level of
opening, depth to bottom of bin, and size of opening. Ideal will minimize
bending and 1lifting.

5. Primary concern here is how easily ice can be reached. If head/shoulders
must reach into machine to retrieve ice, sanitary compromises are being made.
Interior surfaces, and door facings should be smooth with no sharp corners.
The greater the radius or internal corners, the better.

6. All ice machines require periodic cleaning of the evaporator and water
circulation systems to eliminate buildups caused by impurities in the water
system. The frequency of cleaning will vary according to the quality of the
water supply. Condensor ccils must also be cleaned frequently. The
manufacturer should indicate these requirements in its literature clains of
maintenance. liaintenance-free machines may indicate a lack of follow-up
concern about the machine. Rank an accurate estimate of maintenance
requirements highest.

7. - Amounts of cleaning and maintenance other than the aspects common to all
ice makers may vary. Lubrication may be required, adjustments to water flow,
calibration of timed cycles, and other factors may be called for. This amount
should be minimized.

8. Ease of cleaning is one of the most important factors in ice machine
[ selection. Maintenance points should be readily accessible. It should require
' only a few seconds to determine if the machine needs cleaning.

9. Durability is an extremely important consideration. Stainless steel bins
and outer surfaces will hold up extremely well. Compressors should all be
sealed units. Evaporator dump system should be simple in operation. The fewer
moving parts the better. Water recirculation system should have a method of
adjusting rate of flow. The pump should be a direct-drive unit with a screen
to protect the impeller. Water intake should either have a filtration system
or have a means by which one may easily be attached. Evaporator surface needs
to be evenly coated with water. The type of distribution system may vary.

Some systems flow water over the evaporator, others pressure-spray it.

Pressure spraying results in a quicker freeze because of the smaller droplet
size, but contaminants in the water supply tend to plug the nozzles easily. In
general, a flow system with large holes is best.

10. This section can only be completed by ranking all machines evaluated.
Compare kWh/100 1b ice produced. Rank the lowest energv user highest.
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11. Warranty iudicates manufacturer's commitment to his product. Compare and
rank the most complete warranty highest.

12. Service in reality is an evaluation of the agency. low fast do thev respoad
to calls? Do they maintain parts in stock? Frequently small service

businesses who must use answering machines or szrvices are difficult to reach

and they may have a smaller parts inventory. The best indicator is past
experience.
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EVALUATION SYSTEM FOR ICE DISPENSERS

Ice dispensers move ice cubes from a holding bin into a "next use
receptable." There must be a storage capacity of ice to be dispensed and some
triggering method to release the ice when called for. Storage bins may be
filled manually, as part of a self-contained ice maker/dispenser, or filled
from a remote maker via an ice pump. Dispensing control may be coin operated,
key contrclled, or free access.

Intended use of tha machine will affect the dispensing system selected.

If the unit is to be used in a service line for dispensing of ice directly into
glasses, a machine with free access is probably desirable. Important factors

in this type of machine will be those that provide low volume dispensing with a

minimum of wasted ice.

As the ice 1is dropping into a small receptacle, cubes must dispense
individually as oppcsed to large clumps of ice. The dispensing chute is small
enough to force this, but there must be some means of preventing clumping of
ice as it is held in the storage bin. Agitation of the bin contents is the
most reliable means of controlling this.

Dispensing is accomplished in several different ways. The majority use
some type of impeller system to force ice into the dispensing chute. This
impeller is typically made of plastic, with some flex ia the blade ends. The Lo
dispenser may run continuously when the triggering mechanism is pushed, or for '
a timed cycle. In a timed cvcle operation, the push~lever must be rele sed and
retriggered to dispense more ice. This provides a system of portion control.

The most reliable system will be that which has the shortest travel path for
ice from the bin to the end of the dispensing chute.

Critical factors in the dispensing of ice are reliability and efficiency.
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Portion control, rate of flow, and discharge pattern of ice are primary factors
affecting the efficiency of the dispenser's discharse. Select a machine that
has variable portion control, a moderate flow rate, and a small discharge
pattern. This will cause all the ice to be used in the beverages, instead of :
wasted in tle overflow pan. A csimple design of dispensing system is the i
ultimate factor in veliability. |
Effeciency of the storage bin must also be considered. 1deally the
macihine must minimize the rate of melt. This may be ranked by comparing the
type and amount of insulation in the storage bin. The access hatch or door to
the bin should also be compared, both in terms of insulating quality and
tightness of seal. Insulation around the dispensing mechaiism should also be
compared.
Sanitation is also important. Dispenser should be operable with only the
glass contacting the push bar. The operator should not have to reach any more
than the hand and wrist under the storage bin to activate the dispenser. All
surfaces of the bin must be casily cleanable, both external and internal. The
overflow tray must be large enough to hold all waste ice until it melts and is
drained away without heaping up on the tray rack.
If the unit is self-contained, the ice maker portion of the unit chould be
evaluated according to the procedures outlined in the "Evaluation System For
: Ice Makers" portion of this report.
Capacity. Required capacity should be calculated according to the systen
described in the General Parameters section of this report. If the unit is
self-contained, incoming water temperature and ambient air temperature must be
compensated for as in ice makers. If the unit is filled autcmatically, either
in a self-contained unit, or via an ice pump, the normal level of bin fill as

opposed to the rated bin capacity must be determined.
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CVALUATION FORM FOR ICE DISPENSERS

Brand Model
NSF Approved UL Approved :
Self-contained Modular Remote

IF UNIT IS SELF-CONTAINED OR MODULAR, ALSO COMPLETE EVALUATION FORM

FOR ICE MAKERS

l. Capacity: ___ 1b per day at ____ degrees air temp, degrees
water temp, _ 1b bin capacity

2. Bin normal level of fill (1-5) :

3. Consistency and quality of product (1-3)

4, Ease of operation (1-3)

5. Safety and compliance to health codes (1-10)

6. Frequency of cleaning and mainteaance (1-3)

7. Amount of cleaning and maintenance (1-3)

8. Ease of cleaning and maintenance (1-7)

9. Durability and reliability (1-10)

10. Energy efficiency (1-5)

11. Warranty (1-5)

12. Service (1-5)

Total Rank Points

Cost of Machinme $
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ICE DISPENSER EVALUATION FORM GUIDE

1. Capacity is not ranked. If proper capacity is not selected, none of the
other criteria will be applicable.

2. Some bins approach their rated capacity closer than others. Shape 5f bin
affects this, and some manufacturers use leveling devices to prevent ice from
heaping under machin: discharge. Rank the most effective bin utilization

highest.

3. Consistency and quality of product of a dispenser is primarily the
accuracy with which it dispenses and the rate of melt within tne dispenser
bin. A simple, reliable dispensing mechanism is desirable, as is adequate
insulation to allow holding of ice.

4. Ease of operation refers to the amount of labor required to fill the
dispenser if it must be manually filled. Look for a large opening that may be
easily opened. The opening should be at a convenient height.

5. As ice dispensers are typically s=2lf-service, sznitation considerations
are very important. The machine should dispense ice without the operator
having to touch the actual machine. Dispensing chute nzeds to be near the
front of the machine. Machine should be easily cleanable. Drip tray should be
large e¢nough to accommodate normal amount of ice overflow.

6. External surfaces must be clcaned daily. All biis and dispensing units
must be cleaned as per manufacturer's irstructions. Compare, and rank a
realistic statement of maintenance intervals highest, and excessive
requirements, or so-called maintenarce-free mackine, lowest.

7. The number of tasks required to maintain the machine should be compared.
This number will increase directly with the complexity of the dispensing unit.
Rank a simple dispensing system highest.

8. Comparison of ease of cleaning requires examination of construction
methods and materialis. One-piece external coverings and bin liners are easiest
to clean. Drip tray rack should te easily removed. Dispenser unit disassembly
should require no tools, or very limited use of tovuls.

9. Reliability of the unit is ecritical. ispensing unit motor should have
sealed bearings and direct or gear drive. Simplicity is the strongest guide to
reliability.

10. Energy usage of the dispenser itself is minimal. This comparison should
concern the insulating qualities of the unit. Exrcessive loss of heat from the
bin will result in faster melt and increased ice production costs.

11. Warranty indicates manufacturer's commitment to his product. Compare, and
rank the most complete warranty highest.

12. Service, in reality, is an evaluation of the agency. How fast do they
respond to calls? Do they maintain parts in stock? Frequeatly small
businesses who must use answering machines or services are difficult to reach,
and they may have a smaller parts inventory. The best indicavor is past
experience.
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EVALUATION SYSTEM FCR TOASTERS

Toasting of bread is accomplished in one of two ways. Heat is either
radiated to the surface of the bread, or it is transfered by direct contact
with a heated piste. The simplest form of foasting by direct contact {is
placing buns on a griddle. This is effective in sh rt order cooking, providing
the griddle has been selected with adequate capacity to allow for toasting.
Another direct contact toaster uses a heated vertical "blade'". Buns are placed
in the tup, and as they drop through, the blade separates the heel from the
crown. The two parts of the bun can be set to drop in the same place, or at
two different stations. This type of toaster has a high capacity, around 700
slices per hour, and a relatively small number of moving parts.

The simplest form of a radiated toaster is the traditional pop-up
toaster. Thcse are manually operated and utilize a mechanical timer. Capacity
is around 200 slices per hour. Another radiating toaster is a
quartz-lamp-heated small oven. These typically hold 6 buns at a time and have
a répacity of around 400 slices per hour. Traditiomal conveyor toasters are
high capacity machines capable of up to 1000 slices per hour shich pass the
bread past heat radiating elements by conveyor chain.

Selection of a type of toaster will depend upon capacity requirements of
the specific location. Conveyorized toasting is not practical for small
operations, and a pop-up toaster system would be unworkable in a high volume
location. A radiated heat toaster will not compress the bread as a direct
contact type toaster will. A fluffier product will result.

Major improvements have been made .1 the control of toasting. Electronic

time and temperature controls are being used more frequently. They are very

reliable if the ambient temperature is not too high. This is a major
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consideration when selecting a toasting system. Optical sensors are also being
used, which detect the degree of donenass by cclor. These are particularly
effective in the quartz ovens, where the heat source can immediately be turned
off electronically,

Capacity. Capacity requirements vary with the individual location.
Selection of the proper capacity machine has been discussed in the General
Parameters section of this report. Selection of multiple smaller, as opposed
to one large toaster, may be desirable, as toasters are prone to breakdown.
When comparing capacities of toasters, 1t is important to differentiate between
vhole bun per hour capacity and haif bun or slice per hour capacity. The model
selected must also be capable of iiarndling the thickness of picduct to be

toasted -- buns as well as slices of bread.
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EVALUATION FORM FOR TOASTERS

Brand ' Model

NSF Approved UL Approved Operating voltage
Direct contact heat Radiated heat
Pop-up Conveyor Top feeding Oven Other

1. Capacity slices per hour.

2. Consistency and quality of product (1-15) _

3. Easc of operation (1-5)

4. Safety and compliance to health codes (1-5) -
5. Frequency of cleaning and maintenance (1-3) -
6. Amount of cleaning and maintenance (1-3) ——
7. Ease of cleaning and mainienance (1-5)

8. Durability and reliability (1-10)

9. TFnergy efficiency (1-3) —
10. Warranty (1-5) _
li. Service (1-3)

Total Rank Points .

Cost of machine $
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TOASTER EVALUATION FORM GUIDE

Direct comparisons between types of toasters are not very valuable. This
evaluation form should be used only to compare toasters of the same type.
Selection of a particular type of toaster should be based on capacity

requirements and consideration of the limitations of each type of toaster.

1. Capacity is not ranked. Accuracy of this calculation is critical, as none
of the other performance criteria will be valid if the selected toasting system

i1s not operating at proper capacity.

2. Consistency and quality of product is 2xtremely important. Toasting is a
very short cooking operation, so an error of a few seconds or a few degrees in
temperature represents a significant portion of the cooking time and will
drastically affect quality of product. Look for consistent temperatures and
cycle times at a given setting, adequate control of settings, and reliable
ejection of slices, or turn-off of heat source.

3. Ease of operation is a measure of automation. How much handling does each
piece require? Labor requir~ments increase drastically if the product mnst be
manually inserted into the toaster and manually removed.

4, Toasting is a high temperature operation. Heating elements should be
shielded so the operator cannot te easily burned. Wiring should be heavy
enough, insulated against heat, and hidden to prevent physical and heat damage.

5. Cleaning of crumbs must be done daily on all toasters. Wiping of spills
and kitchen grime must also be performed daily. Maintenance tasks such as
lubrication and tension of conveyor chains may vary in required frequency.

6. Amount of cleaning and maintenance will vary considerably between types of
toasters. As comparisons between types of toasters should not be done, the
amounts should be compared within the categories of toasters. Conveyor types
require the greatest amount of maintenance, so the mast variabllity will be
encountered with these machines. Compare the total number of tasks required.

7. Again, this factor will be most important in conveyor type toasters.
Consider the amount of disassembly required and the number and kind of tools
required to maintain the toaster.

8. Toasters have small heating elements which are heated to extremely high
temperatureg. Continual heating and cooling can warp heating elements, cause
them to break down, and make wiring brittle. Conveyor chains also become
brittle, treak, and stretch due to heat and constant rotation. Select a
machine for heuavy gauge wiring and conveyor chain, and a maximum amount of
keating .lements.

9. Energy utilization levels within each type vary considerably. Total
energy uce of toasters is a very small portion of kitchen energy costs. There
iz no uniform methnd for comparing energy consumntion of toasters. Thus,
comparisons 2are nct very accurate and should not be relied upon heavily.
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10. Warranty indicates manufacturer commitment to his product. Compare and
rank, with the highest score reflecting the most complete warranty.

11. Service, in reality, is an evaluation cf the agency. How fast do they
respond to calls? Do they maintain parts in stock? Frequently small
businesses who must use answering machines or service are difficult to reach,
and they may have a smaller parts inventory. The best indlcator is past
experience.
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EVALUATION SYSTEM FOR CONVECTION OVENS

Convection ovens use dry heat to cook. The significant difference between
a conventional oven and a convection oven is that a convection oven forces hot
air past the product. This moving air removes the insulating blanket of air
that ordinarily forms around a food product. Consequently foods cook quicker.
Moisture collects on the surface of some foods. This must be boiled away
before the temperature of the food product can rise above 212 degrees. The
movement of air increases the evaporation rate of this moisture. The oven can
be set at a lower temperature thus saving energy. Because of the moving air,
oven temperatures are more consistent throughout the oven. This allows heavier
loading, and more of the interior space of the oven can be utilized. The
drying effect of the moving air can, however, cause excescive shrinkage and
drying of some products.

Convection ovens are available in gas and electric models. A full-size
oven holds full sheet pans while still allowing proper air flow around the
pan. Counter models, or half-size models are available, which accept only
smaller pans. Roll-in rack ovens permit vclume production under couvection
conditions.

A significant feature that should be considered is a cook-and-hold
option. This permits a product to be cooked at one temperature and
automatically held at a lower temperature after a selected period of uime.
Cooking can be done overnight when electricicy demands are not as high as
during peak periods. Some cook-and-hold options offer only & preset holding
temperature, while others are adjustable. Blower action varies between models
also. Some stay at full speed during hold, others drop to half speed, while

still others are in operation only when heating elements are on.
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Doors are available as either single opening, double opening, solid, or
glass fronted. 1If a single door is selected, consideration should be given to
the direction the door opens with respect to the oven's location in the
kitchen. Glass fronted doors are not as well insulated as solid doors, but if

they are kept clean, the product may be inspected withovt opening the door,

thus saving energy. .
Capacity. Capacity as listed by manufacturers is potential cooking

capacity. A capacity listing should include per product: weight per piece,

pleces per pan, number of pans per load, temperature setting, cooking time, and

degree of doneness. Theoretical capacities are influenced primarily by loading

and unloading times. Once the oven is loaded, it will cok at or near the

manufacturer's potential capacity. An individual operation's capacity should

be calculated according to the procedure outlined in the General Parameters

se¢ .tion of this report.
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EVALUATION FORM FOR CONVECTION OVENS

Brand Model

AGA Approval

NSF Approval UL Approval
Gas Electric
Size Solid door Glass door

Cook and hold option

Total Rank Points

Cost of Machine $

41

(1-5)
(1-10)
(1-5)
(1-5)
(1-5)
(1-5)

(1-10)

(1-5)

1. Capacity: Item__ pan load____ weight per piece_
cooking time_ degree of doneness
2. (Consistency and quality of product
3. Ease of Operation
4, Safety and compliance to health codes
5. ¥requency of cleaning and maintenance
6. Amount of cleaning and maintenance
7. Ease of cleaning and maintenance
8. Durability and reliiability
9. Energy efficiency
10. Warranty
Il1. Service

(1-5)

Door opens:

temp setting
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CONVECTION OVEN EVALUATION FORM GUIDE

1. Capacity is not ranked. Adequate capacity must be calculated to satisfy
operation's specific neceds. Failure to do so will negate the value of other
criteria used in machine evaluation.

2. This is difficult to evaluate without being able to perform oven tests.
Primary concern is temperature consistency in all areas of oven.

3. Some uses of convection ovens require frequent access to the oven. Doors
should be rrunter-balanced for easy opening. Controls need to be readily
accessible and easy to read. Windows in doors simplify inspection of
product. Racks that slide out ea_ily and have stops so they can't be pulled
all the way out are preferred. External thermometers provide easy reading of
temperatures.

4, Safety is an important consideration. Handles should remain cool to the
touch, vents should discharge air away from the operator. The blower motor
must shut off when the door is opened.

5. The interior oven surfaces must be cleaned on an as-nceded basis. The fan
and baffle system must be cleaned according to the manufacturer's
specifications. Different fan and baffle systems collect grease at different
rates, and this will affect frequency of cleaning. If the blower motor and
door hinges require lubrication, this frequency must be compared.

6. The number of points that must be maintained regularly should be
compared. This should include door hinges, counter-balance cables, blower
motor, temperature calibration, and surface area to be cleaned.

7. The two most critical maintenance points are the blower motor and the door
hinges. Both should be easily accessible. Interior corners should be
rounded. The greater the radius the better. Outside panels that are in one
piece are more easily cleaned than sectioned panels. Interior surface must be
smooth and non-absorbant.

8. Heating elements need to be constructed of alloys that do not warp.

Hinges should be as heavy as possible. Wiring and manifolds that are shielded
will not be damaged by cleaning. Ceramic portions of construction must be hard
and non-absorbant.

9. Energy utilization is a comparison between machines evaluated. The ASTM
provides specifications for energy consumption. These should be used to rank
each machine.

10. Warranty indicates manufacturer's commitment to his product. Compare, and
rank the most complete warranty highest.

11. Service, in reality, is an evaluation of the agency. How fast do they
respond to calls? Do they maintain parts in stock? Frequently, small
businesses who must use auswering machines or services are difficult to reach,
and they may have a smaller parts inventory. The best indicator is past
experience.
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EVALUATION SYSTEM FOR RANGE TOPS

Ranges provide surface heating for cooking in pots and pans. They have
the ability to heat to very high temperatures. The element, or portion of the
range providing the actual heat transfer, may be one of several types. Energy
supplied to the range may be either electric or gas. Typical range sizes are
24 inches deep by 36, 48, or 72 inches wide. These widths are preferred as the
usual configuration of the range is with a single (or with the 72-inch ranges,
double) deck cven under the range top. A width of less than 36 inches would
not permit use of an oven which could accommodate a standard 18- by 26-inch
sheet pan.

Electric range tops are in one of two forms: the hot top or separate
elements. Hot tops are flat metal plates covering the entire range top. The
total surface area of the plates is heated by elements either imbedded in the
piate or clamped to it. The rauge top is usually covered by separate
12-inch-wide plates all linked together to provide a continuous flat top. Each
plate is controlled by a separate thermostat. Thickness «f the plates may
range from 1/2 inch to 1 1/2 inclhies. The thicker plate will provide more even
heat, while the thinner plates will recover lost heat quicker. Preheat time
and time required to adjust temperature are extremely long with an electric hot
top. Hot tops provide excellent versatility in placement of pots and pans, but
they are relatively inefficient energy users. [Lfficiency will te greatly
boosted if the pans used are of high quality with pan bottoms extremely flat.
Bent pans do not allow a large enough surface area for optimal heat trancfer.

A typical 12-inch-wide plate will require from 5 to 5-1/2 kW heat input.

Separate electric elements arec tubular or flattened tubular metal

elements encasing resistance wire. They may vary in diameter from 6 inches to
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10-1/2 inches. A typical arrangement has a front and rear element for every
foot of range width. Elements are more fragile than hot tops, and may break if
excessive weights are placed upon them. In addition, heating an element with
no cooking load can cause it to warp to the fracture point. Elements are more
efficient than hot tops as they may be switched off when not in use, and only
the round element as cpposed to a rectangular plate is hezted. Thus only the
area actually in use is heated. Since there isn't such a large mass of metal
to heat, the electric element responds to thermostat adjustments much quicker
than a hot top. Typical heat inputs per element range from 2 1/2 to 3 1/2 kW.
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