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TABLE 37.1
Development in the History of the Automation of Manufacturing Processes
Date Development
1500-1600 Water power for metalworking: rolling mills for coinage strips
16001700 Hand lathe for wood:; mechanical calculator
1700-1800 Boring, turning, and screw-cutting lathe; drill press
1800-1900 Copying lathe, turret lathe, universal milling machine; advanced mechanical calculators
1808 Sheet-metal cards with punched holes for automatic control of weaving patterns in looms
1863 Automatic piano player (Pianola)
1900-1920 Geared lathe; automatic screw machine; automatic bottle-making machine
1920 First use of the word  robot
1920-1940 Transfer machines; mass production
1940 First electronic computing machine
1943 First digital electronic computer
1945 First use of the word  automation
1947 Invention of the transistor
1952 First prototype numerical-control machine tool
1954 Development of the symbolic language APT (Automatically Programmed Tool); adaptive control
1957 Commercially available NC machine tools
1959 Integrated circuits; first use of the term  group technology
1960s Industrial robots
1965 Large-scale integrated circuits
1968 Programmable logic controllers
1970 First integrated manufacturing system; spot welding of automobile bodies with robots
1970s Microprocessors; minicomputer-controlled robot; flexible manufacturing systems; group technology
1980s Artificial intelligence: intelligent robots; smart sensors: untended manufacturing cells
1990-2000 Integrated manufacturing systems; intelligent and sensor-based machines; telecommunications and
global manufacturing networks; fuzzy-logic devices; artificial neural networks; internet tools
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Figure 37.2 Flexibility and preddctiVify of various rrranUfecfuring:_s_YSterns Note the ovel
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TABLE 37.2

Type of production Number produced Typical products

Experimental or prototype 1-10 All products

Piece or small-batch 10-5000 Aircraft, missiles, special machinery. dies, jewelry. and
orthopedic implants

Batch or high-volume 5000- 100,000 Trucks, agricultural machinery, jet engines, diesel engines,

computer components, and sporting goods
Mass production 100,000 and over Automobiles, appliances, fasteners, and food and

beverage containers
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Figure: General characterlstlcs of three types of productlon

methods: jOb shop, batch and mass productlon
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Machine 1: Machine 2:  Machine 3: Machine 4: Machine 5: Machine 6:
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Machine 12: Machine 11:  Machine 10: Machine 9: Machine 8: Machine 7:
Bore Drill, ream, Bore Mill, drill, ream Mill Drill, ream, bore
pore Wash — End —3
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Wash Machine 13:  Machine 14: Machine 15: Air test
Finish hollow mill, Ream, tap hone, wash, gage,
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7 finish generate
‘ Assemble Assemble Assemble
Frgure A large transfer Irne for producmg engrne blocks and cylrnder heads ‘
Source Courtesy of Ford Motor Company e - '
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‘ Figure: Positions of drilled holes in a work piece. Three methods of measurements are sho _
(a) absolute dlmensmnlng referenced from one point at the lower left of the part; (b)
incremental dimensioning made sequentlally from one hole to another and (c) mlxed i .

- dimensioning — a combination of both methods. - - =5
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Figure : Schematlc |Ilustrat10n of the components of (a) an open Ioop and (b) a closed-
loop control system for a numerlcal control machlne DAC means “dlgltal ] g;.‘)g
converter.” - '
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Figure: (a) Direct measurement of the Ilnear dlsplacement of a machme to
work table. (b) and (c) Indirect measurement methods
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machine. Source Courtesy ef The Ingersoll Mllllng Machme Co
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‘ Figure 37.21 Examples of industrial robot ap_plications: (a) Spot welding
| automobile bodies with industrial robots. (b) Sealing joints of an aut_ornorb"le

body with an industrial robot. Source: Courtesy of Cincinnati Milacron, |
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_Figure : Automated assembly operations using L
industrial robots and circular and linear transfer lines. .
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sensors In spite of their ey

_capabilities, tactile sensors are used

B less frequently because of thelr high

~ cost and their low durability in
_industrial environments. Source:

- Courtesy of Lord Corporation.

Fi'g'ijr'e A robot gripper Wlth tactile .- _-: b
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Figure : Examples of machme—V|S|on appllcatlons (a) In- I|ne Inspection of
parts. (b) Identlflcatlon of parts Wlth various shapes ‘and inspection and
‘ rejection of defective parts (c) Use of camera to prowde positional i t to
a robot relative to the \_/_\_/orkplece (d) ___Pamtmg parts having different shapes
by means of input from a camera. The systerh s memory allows the robo
identify the particular shape to be ‘painted and to proceed with the co ec.

movements of a paint spray attached to the end effector
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‘ Figure: S_chemétic_: .iil.luétratioh of _éﬁ.-.-adjustablé;fdf:c:-e16Iamping syste

The clamping force is sensed by the strain gage, and the syste
automatically adjusts this force. Source: After P.K. Wright.
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machine. Source: Courtesy Carr
' ,Lane Manufacturing Company.
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Figure 37.30 Stages in the design-for-assembly analysis. g
‘Source: After G. Boothroyd and P. Dewhurst. Hhige i
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| Flgure 37. 31 Transfer systems for automated assembly @)
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Source: After G Boothroyd T . '




Figure 37.32 A two-arm robot éése.mb'ly Stét'ioh;-_,,_s_ou’rce - Product Desi

~ for Assembly, 1989 edition, by G. Boothroyd and P. Dewhurst. Reproducec
with permission. =S B :

Sensor for
Z-axis
orientation

4-degree-of-freedom
robots

Conveyor for
base parts

D

",

ol

Parts presented
in magazines

Belt feeders

i |

Versatile gripper

Parts presented
in pallet

Vibratory bowl
feeder

Conveyor for
completed assemblies




MNarrowed track Bowl wall

Widthwise parts rejected
-~ while only one row of

To delivery lengthwise parts pass

chute

(a)

Slotted Bowl Pressure Wiper
track wall break blade

Screws rejected

\ g unless lying on side

Screws rejected unless
Slot in track in single file, end-to-end,
to orient screws or if delivery chute is full

(c)

To delivery
chute

Bowl wall

V cutout

\ Part rejected if
resting on its top

To delivery

chute

(b)

Bowl wall Scallop Wiper blade

. * Parts rejected

\ if laying on side
3 Cutout rejects

To delivery cup-shaped parts

chute standing on their tops

(d)

Flgure Examples of gmdes te ensure that parts are properly orlented fo e .
“automated assembly. s e



