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$11.24 and $10.49 in miscellaneous amusement and recreation seie performance of the entire system using special tools and test
vices and nonstore retailers, respectively, in 2000. Typically, Statequipment.
with some form of legalized gaming have the highest wages. Although they are trained to do both, technicians often special-
Most coin, vending, and amusement machine servicers and repairize in either installation or maintenance and repair. Some special-
ers work 8 hours a day, 5 days a week, and receive premium pay foze in one type of equipment—for example, oil burners, solar panels,
overtime. Some union contracts stipulate higher pay for nightworkor commercial refrigerators. Technicians may work for large or
and for emergency repair jobs on weekends and holidays than fopmall contracting companies or directly for a manufacturer or whole-
regular hours. Some vending machine repairers and servicers argaler. Those working for smaller operations tend to do both instal-

members of the International Brotherhood of Teamsters. lation and servicing, and work with heating, cooling, and
refrigeration equipment.
Related Occupations Heating and air-conditioning mechanics install, service, and re-

Other workers who repair equipment with electrical and electronic pair heating and air-conditioning systems in both residences and
components include electrical and electronics installers and repaircommercial establishmentszurnace installersalso callecheat-

ers; electronic home-entertainment equipment installers and repairing equipment techniciantllow blueprints or other specifications
ers; heating, air-conditioning, and refrigeration mechanics andto install oil, gas, electric, solid-fuel, and multiple-fuel heating sys-

installers; and home appliance repairers. tems. Air-conditioning mechanic#stall and service central air-
conditioning systems. After putting the equipment in place, they
Sources of Additional Information install fuel and water supply lines, air ducts and vents, pumps, and

Information on job opportunities in this field can be obtained from other components. They may connect electrical wiring and con-
local vending machine firms and local offices of your State employ- trols and check the unit for proper operation. To ensure the proper
ment service. For general information on vending machine repair,functioning of the system, furnace installers often use combustion

write to; test equipment such as carbon dioxide and oxygen testers.
» National Automatic Merchandising Association, 20 N. Wacker Dr., Suite ~ After a furnace has been installed, heating equipment techni-
3500, Chicago, IL 60606-3102. Internkttp://www.vending.org cians often perform routine maintenance and repairwork to keep

> Automatic Merchandiser Vending Group, Cygnus Business Media, P.O.the system operating efficiently. During the fall and winter, for

Box 803, 1233 Janesville Ave., Fort Atkinson, WI 53538-0803. Internet: example, when the system is used most, they service and adjust

http:/www.amonline.com burners and blowers. If the system is not operating properly, they
check the thermostat, burner nozzles, controls, or other parts to di-
agnose and then correct the problem.

During the summer, when the heating system is not being used,

Heatlng, Alr-Condltlonlng, and heating equipment technicians do maintenance work, such as re-
Refrigeration Mechanics and placing filters, ducts, and other parts of the system that may accu-

mulate dust and impurities during the operating season. During the
Installers winter, air-conditioning mechanics inspect the systems and do re-

quired maintenance, such as overhauling compressors.
Refrigeration mechanidastall, service, and repair industrial and
commercial refrigerating systems and a variety of refrigeration equip-

(O*NET 49-9021.01, 49-9021.02)

Significant Points ment. They follow blueprints, design specifications, and manufac-
e Opportunities should be very good for mechanics and turers’ instructions to install motors, compressors, condensing units,
installers with technical school or formal evaporators, piping, and other components. They connect this equip-
apprenticeship training. ment to the ductwork, refrigerant lines, and electrical power source.

. hani di I . . fter making the connections, they charge the system with refriger-
Mechanics and installers need a basic understanding o nt, check it for proper operation, and program control systems.

microelectronics because they increasingly install and  \when heating, air-conditioning, and refrigeration mechanics

service equipment with electronic controls. service equipment, they must use care to conserve, recover, and
recycle chlorofluorocarbon (CFC) and hydrochlorofluorocarbon
Nature of the Work (HCFC) refrigerants used in air-conditioning and refrigeration sys-

What would those living in Chicago do without heating, those in tems. The release of CFCs and HCFCs contributes to the depletion
Miami do without air-conditioning, or blood banks all over the coun- of the stratospheric ozone layer, which protects plant and animal
try do without refrigeration? Heating and air-conditioning systems life from ultraviolet radiation. Technicians conserve the refrigerant
control the temperature, humidity, and the total air quality in resi- by making sure that there are no leaks in the system; they recover it
dential, commercial, industrial, and other buildings. Refrigeration by venting the refrigerant into proper cylinders; and they recycle it
systems make it possible to store and transport food, medicine, antbr reuse with special filter-dryers.

other perishable itemsHeating, air-conditioning, and refrigera- Heating, air-conditioning, and refrigeration mechanics and
tion mechanics and installersalso calledtechnicians—install, installers are adept at using a variety of tools, including hammers,
maintain, and repair such systems. wrenches, metal snips, electric drills, pipe cutters and benders,

Heating, air-conditioning, and refrigeration systems consist of measurement gauges, and acetylene torches, to work with refri-
many mechanical, electrical, and electronic components such agerant lines and air ducts. They use voltmeters, thermometers,
motors, compressors, pumps, fans, ducts, pipes, thermostats, armfessure gauges, manometers, and other testing devices to checl
switches. In central heating systems, for example, a furnace heatsir flow, refrigerant pressure, electrical circuits, burners, and other
air that is distributed throughout the building via a system of metal components.
or fiberglass ducts. Technicians must be able to maintain, diag- New technology, in the form of cellular “Web” phones that allow
nose, and correct problems throughout the entire system. To ddechnicians to tap into the Internet, may soon affect the way techni-
this, they adjust system controls to recommended settings and testians diagnose problems. Computer hardware and software have
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Technicians may work outside in cold or hot weather or in build-
ings that are uncomfortable because the air-conditioning or heating
equipment is broken. In addition, technicians might have to work
in awkward or cramped positions and sometimes are required to
work in high places. Hazards include electrical shock, burns, muscle
strains, and other injuries from handling heavy equipment. Appro-
priate safety equipment is necessary when handling refrigerants
because contact can cause skin damage, frostbite, or blindness. In-
halation of refrigerants when working in confined spaces is also a
possible hazard

The majority of mechanics and installers work more than a 40-
hour week, particularly during peak seasons when they often work
overtime or irregular hours. Maintenance workers, including those
who provide maintenance services under contract, often work
evening or weekend shifts, and are on call. Most employers try to
provide a full workweek the year round by scheduling both instal-
lation and maintenance work, and many manufacturers and con-
tractors now provide or even require service contracts. In most
shops that service both heating and air-conditioning equipment,
employment is very stable throughout the year.

Employment

Heating, air-conditioning, and refrigeration mechanics and install-
ers held about 243,000 jobs in 2000; approximately one third of
these worked for cooling and heating contractors. The remainder
were employed in a variety of industries throughout the country,
reflecting a widespread dependence on climate-control systems.
Some worked for fuel oil dealers, refrigeration and air-condition-
ing service and repair shops, schools, and department stores that
sell heating and air-conditioning systems. Local governments, the
Federal Government, hospitals, office buildings, and other organi-
zations that operate large air-conditioning, refrigeration, or heating
systems employed others. Approximately 1 of every 5 mechanics
and installers was self-employed.

Heating, air-conditioning, and refrigeration mechanics use

electronic diagnostic tools to identify problems. Training, Other Qualifications, and Advancement
Because of the increasing sophistication of heating, air-condition-
ing, and refrigeration systems, employers prefer to hire those with
been developed that allows heating, venting, and refrigeration unitgechnical school or apprenticeship training. A sizable number of
to automatically contact the maintenance establishment when probmechanics and installers, however, still learn the trade informally
lems arise. The maintenance establishment can then notify th@n the job.
mechanic in the field via cellular phone. The mechanic can then Many secondary and postsecondary technical and trade schools,
access the Internet to “talk” with the unit needing maintenance.junior and community colleges, and the Armed Forces offer 6-month
While this technology is cutting-edge and not yet widespread, itsto 2-year programs in heating, air-conditioning, and refrigeration.
potential for cost-savings may spur its acceptance. Students study theory, design, and equipment construction, as well
Other craft workers sometimes install or repair cooling and heat-as electronics. They also learn the basics of installation, mainte-
ing systems. For example, on a large air-conditioning installationnance, and repair.
job, especially where workers are covered by union contracts, Apprenticeship programs are frequently run by joint commit-
ductwork might be done by sheet metal workers and duct installerstees representing local chapters of the Air-Conditioning Contrac-
electrical work by electricians; and installation of piping, condens- tors of America, the Mechanical Contractors Association of America,
ers, and other components by pipelayers, plumbers, pipefitters, an¢he National Association of Plumbing-Heating-Cooling Contrac-
steamfitters. Home appliance repairers usually service room air contors, and locals of the Sheet Metal Workers’ International Associa-
ditioners and household refrigerators. (Additional information about tion or the United Association of Journeymen and Apprentices of

each of these occupations appears elsewhere kaheoook) the Plumbing and Pipefitting Industry of the United States and
Canada. Other apprenticeship programs are sponsored by local
Working Conditions chapters of the Associated Builders and Contractors and the Na-

Heating, air-conditioning, and refrigeration mechanics and install- tional Association of Home Builders. Formal apprenticeship pro-
ers work in homes, stores of all kinds, hospitals, office buildings, grams normally last 3 to 5 years and combine on-the-job training
and factories—anywhere there is climate-control equipment. Theywith classroom instruction. Classes include subjects such as the
may be assigned to specific job sites at the beginning of each dayuse and care of tools, safety practices, blueprint reading, and the
or if they are making service calls, they may be dispatched to jobsheory and design of heating, ventilation, air-conditioning, and re-
by radio, telephone, or pagers. Increasingly, employers are usindrigeration systems. Applicants for these programs must have a
cell phones to coordinate technicians’ schedules. high school diploma or equivalent.
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Those who acquire their skills on the job usually begin by assist-of newer, more efficient systems in existing homes and buildings.
ing experienced technicians. They may begin performing simpleAlso, demand for maintenance and service work should increase as
tasks such as carrying materials, insulating refrigerant lines, or cleanbusinesses and home owners strive to keep systems operating a
ing furnaces. In time, they move on to more difficult tasks, such aspeak efficiency. Regulations prohibiting the discharge of CFC and
cutting and soldering pipes and sheet metal and checking electricdHCFC refrigerants took effect in 1993, and regulations banning CFC
and electronic circuits. production became effective in 2000. Consequently, these regula-

Courses in shop math, mechanical drawing, applied physics andions should continue to result in demand for technicians to replace
chemistry, electronics, blueprint reading, and computer applicationsmany existing systems, or modify them to use new environmentally
provide a good background for those interested in entering this ocsafe refrigerants. In addition, the continuing focus on improving
cupation. Some knowledge of plumbing or electrical work is also indoor air quality should contribute to the growth of jobs for heat-
helpful. A basic understanding of microelectronics is becoming ing, air-conditioning, and refrigeration technicians. Also, growth
more important because of the increasing use of this technology irof business establishments that use refrigerated equipment—such
solid-state equipment controls. Because technicians frequently deaks supermarkets and convenience stores—will contribute to a grow-
directly with the public, they should be courteous and tactful, espe-ing need for technicians.
cially when dealing with an aggravated customer. They also should
be in good physical condition because they sometimes have to lifEarnings
and move heavy equipment. Median hourly earnings of heating, air-conditioning, and refrigera-

All technicians who purchase or work with refrigerants must be tion mechanics and installers were $15.76 in 2000. The middle 50
certified in their proper handling. To become certified to purchasepercent earned between $12.25 and $19.92 an hour. The lowest 1C
and handle refrigerants, technicians must pass a written examingpercent earned less than $9.71, and the top 10 percent earned mor
tion specific to the type of work in which they specialize. The three than $24.58. Median hourly earnings in the industries employing
possible areas of certification are: Type |—servicing small appli- the largest numbers of heating, air-conditioning, and refrigeration

ances, Type Il—high pressure refrigerants, and Type lll—low pres-mechanics and installers in 2000 were as follows:

sure refrigerants. Exams are administered by organizations approved ) ) )

by the U.S. Environmental Protection Agency, such as trade schoold2rdware, plumbing, and heating equipment ............................ $16.83
Elementary and secondary SChOOIS .............cccceeveveeereieeeeennenas 16.45

unions, contractor associations, or bUIIdlng groups. FUEBIEAIETS ...t 16.40

Several organizations have k.)eg.up to offer. ba.S|c.seIf-study., CIaSSColleges aNd UNIVETSItIES ....oeoviivecieie ettt 16.12
room, and Internet courses for individuals with limited experience. giactrical FEDAIT SNOPS .. reeeeeeeeeeeeees e eeeeeeeee e eeeeseeeene 15.16
In addition to understanding how systems work, technicians mustpjymbing, heating, and air-conditioning ............cooeveverevererenen. 15.08

be knowledgeable about refrigerant products, and legislation and

regulation that govern their use. The industry recently announced Apprentices usually begin at about 50 percent of the wage rate
the adoption of one standard for certification of experienced tech-paid to experienced workers. As they gain experience and improve
nicians: the Air-Conditioning Excellence program, which is offered their skills, they receive periodic increases until they reach the wage
through North American Technician Excellence, Inc. (NATE). rate of experienced workers.

Advancement usually takes the form of higher wages. Some Heating, air-conditioning, and refrigeration mechanics and in-
technicians, however, may advance to positions as supervisor ostallers enjoy a variety of employer-sponsored benefits. In addition
service manager. Others may move into areas such as sales ait@l typical benefits like health insurance and pension plans, some
marketing. Still others may become building superintendents, costemployers pay for work-related training and provide uniforms, com-
estimators, or, with the necessary certification, teachers. Those wittpany vans, and tools.
sufficient money and managerial skill can open their own contract- More than 1 out of every 5 heating, air-conditioning, and refrig-

ing business. eration mechanics and installers is a member of a union. The unions
to which the greatest numbers of mechanics and installers belong
Job Outlook are the Sheet Metal Workers’ International Association and the

Job prospects for highly skilled heating, air-conditioning, and refri- United Association of Journeymen and Apprentices of the Plumb-

geration mechanics and installers are expected to be very good, paig and Pipefitting Industry of the United States and Canada.

ticularly for those with technical school or formal apprenticeship

training to install, remodel, and service new and existing systemsRelated Occupations

In addition to job openings created by employment growth, thou- Heating, air-conditioning, and refrigeration mechanics and install-

sands of openings will result from the need to replace workers wheers work with sheet metal and piping, and repair machinery, such as

transfer to other occupations or leave the labor force. electrical motors, compressors, and burners. Other workers who
Employment of heating, air-conditioning, and refrigeration me- have similar skills are boilermakers; home appliance repairers; elec-

chanics and installers is expected to increase faster than the averadfécians; sheet metal workers; and pipelayers, plumbers, pipefitters,

for all occupations through the year 2010. As the population andand steamfitters.

economy grow, so does the demand for new residential, commer-

cial, and industrial climate-control systems. Technicians who spe-Sources of Additional Information

cialize in installation work may experience periods of unemployment For more information about opportunities for training, certification,

when the level of new construction activity declines, but mainte- and employment in this trade, contact local vocational and techni-

nance and repair work usually remains relatively stable. People angal schools; local heating, air-conditioning, and refrigeration con-

businesses depend on their climate control systems and must kedpactors; a local of the unions previously mentioned; a local joint

them in good working order, regardless of economic conditions. union-management apprenticeship committee; a local chapter of the
Renewed concern for energy conservation should continue toAssociated Builders and Contractors; or the nearest office of the

prompt the development of new energy-saving heating and air-conState employment service or apprenticeship agency.

ditioning systems. An emphasis on better energy management For information on career opportunities, training, and techni-

should lead to the replacement of older systems and the installatiogian certification, contact:
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> Air-Conditioning Contractors of America (ACCA), Suite 300, 2800
Shirlington Rd., Arlington, VA 22206. Interndtttp://www.acca.org
» Refrigeration Service Engineers Society (RSES), 1666 Rand Rd., Dei
Plaines, IL 60016-3552.
> National Association of Plumbing-Heating-Cooling Contractors (PHCC),
180 S. Washington St., P.O. Box 6808, Falls Church, VA 22046. Internet:
http://www.naphcc.org
> Northamerican Heating, Refrigeration, and Air-conditioning Wholesal-
ers Association (NHRAW),1389 Dublin Road, PO Box 16790, Columbus, -
OH 43216-6790. Internelttp://www.nhraw.org = _:

For information on technician testing and certification, contact: [ =
» North American Technician Excellence (NATE), Suite 300, 8201 Greens-
boro Dr., McLean, VA 22102. Interndittp://www.natex.org

For information on career opportunities and training, write to:
» Associated Builders and Contractors, Suite 800, 1300 North 17th St.,
Rosslyn, VA 22209. Internehittp://www.abc.org
» Home Builders Institute, National Association of Home Builders, 1201
15th St. NW.,, 6th Floor, Washington, DC 20005. Inteimté://www.hbi.org
> Mechanical Contractors Association of America, 1385 Piccard Dr.,
Rockville, MD 20850-4329. Internétttp://www.mcca.org : : : :
> Air-Conditioning and Refrigeration Institute, 4301 North Fairfax Dr., Gas appliance repairers check the heating units of stoves and may

Suite 425, Arlington, VA 22203. Interndittp://www.coolcareers.org replace defective parts.

processes this information and adjusts variables such as water and
electricity, to optimize appliance performance and reduce wasted

Home Appllance Repalrers resources. Fuzzy logic uses 1 input; “neurofuzzy logic” uses up to 5
N inputs; and “chaos logic” uses up to 10 inputs. Dishwashers, wash-
(O*NET 49-9031.01, 49-9032.02) ers, and dryers commonly use neurofuzzy logic in their components.
Significant Points When repairing refrigerators and window air-conditioners, re-
pairers must use care to conserve, recover, and recycle chlorofluo-
e Although employment of home appliance repairers is  rocarbon (CFC) and hydrochlorofluorocarbon (HCFC) refrigerants
expected to grow slowly, opportunities should be good used in their cooling systems as required by law. Repairers con-
for skilled repairers. serve the refrigerant by making sure there are no leaks in the sys-
e Many repairers are high school graduates who are tem; they recover the refngerant by venting itinto proper cylinders;
trained on the job. and they recyclg the refrlgera}nt for reuse with §peC|aI flltgr-dryers.
Federal regulations also require that home appliance repairers docu-

* Knowledge of basic electronics is becoming ment the capture and disposal of refrigerants.
increasingly important. Home appliance installergenerally install "white goods” such
as refrigerators, washing machines and stoves. They may have to
Nature of the Work install pipes in a customer’s home to connect the appliances to the

Anyone whose washer, dryer, or refrigerator has ever broken knowgas line. They measure, lay out, cut, and thread pipe and connect it
the importance of a dependable repair person. Home appliancéo a feeder line and to the appliance. They may have to saw holes in
repairers, often called service technicians, keep home appliancewalls or floors and hang steel supports from beams or joists to hold
working and help prevent unwanted breakdowns. Some repairergas pipes in place. Once the gas line is in place, they turn on the gas
work specifically on small appliances such as microwaves andand check for leaksGas appliance repairersheck the heating
vacuum cleaners; others specialize in major appliances such as remit and replace tubing, thermocouples, thermostats, valves, and
frigerators, dishwashers, washers, and dryers. indicator spindles. They also answer emergency calls for gas leaks.

Home appliance repairers visually inspect appliances and check Repairers also answer customers’ questions about the care and
for unusual noises, excessive vibration, fluid leaks, or loose partsuse of appliances. For example, they demonstrate how to load au-
to determine why they fail to operate properly. They use servicetomatic washing machines, arrange dishes in dishwashers, or sharpen
manuals, troubleshooting guides, and experience to diagnose pachain saws to maximize performance.
ticularly difficult problems. They disassemble the appliance to ex-  Repairers write up estimates of the cost of repairs for customers,
amine its internal parts for signs of wear or corrosion. Repairerskeep records of parts used and hours worked, prepare bills, and
follow wiring diagrams and use testing devices such as ammetersgollect payments. Self-employed repairers also deal with the origi-
voltmeters, and wattmeters to check electrical systems for shortsial appliance manufacturers to recoup monetary claims for work
and faulty connections. performed on appliances still under warranty.

After identifying problems, they replace or repair defective belts,
motors, heating elements, switches, gears, or other items. TheWorking Conditions
tighten, align, clean, and lubricate parts as necessary. Repairers us¢dome appliance repairers who handle portable appliances usually
common hand tools, including screwdrivers, wrenches, files, andwork in repair shops that are generally quiet, well lighted, and ad-
pliers, as well as soldering guns and special tools designed for parequately ventilated. Those who repair major appliances usually make
ticular appliances. When repairing appliances with electronic parts,service calls to customers’ homes. They carry their tools and a
they may replace circuit boards or other electronic components. number of commonly used parts with them in a truck or van for use

Many manufacturers incorporate “fuzzy logic” technology into on their service calls. A repairer may spend several hours a day
their newer and more expensive appliances. Fuzzy logic technologylriving to and from appointments and emergency calls. They may
involves sensors, or inputs, strategically placed inside an appliancevork in clean comfortable rooms such as kitchens, or in damp, dirty,
to transmit information to an on-board computer. The computeror dusty areas of a home. Repairers sometimes work in cramped



