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Productivity in Metal Stampings:

Multifactor productivity
in the metal stampings industry

On average, multifactor productivity

showed no growth over the 1963-91 period,

a 0.9-percent average gain in labor productivity
was due entirely to increases in capital

and intermediate purchases relative to labor

ultifactor productivity, a measure re-
lating output to the combined inputs

of labor, capital, and intermediate pur- -

chases, remained constant, on average, between
1963 and 1991 in the metal stampings indus-
try.! (See chart '1.) Many factors, such as new
technology, changes in the skills and effort of
the work force, and economies of scale, influ-
ence trends in multifactor productivity.

Since 1985, the Bureau of Labor Statistics has
published a labor productivity measure for the
metal stampings industry.” This article extends
the Bureau's work by presenting a multifactor
productivity measure for the industry.

Labor productivity in the metal stampings in-
dustry grew at an average annual rate of 0.9 per-
cent over the 1963-91 period.’ As measured by
output per employee hour, labor productivity
comprises the effects of changes in capital per
hour, intermediate purchases per hour (materi-
als, fuels, electricity, and purchased business
services), and multifactor productivity. The mul-
tifactor measure accounts for the influences of
the capital and intermediate purchases in the
input measure and does not reflect the impact of
these influences on the productivity residual. It
also allows analysts to quantify the effects on
tabor productivity of changes in capital relative
to labor and of intermediate purchases relative
to labor.

The Bureau first published multifactor pro-
ductivity measures in 1983, covering the private
business sector, the private nonfarm business
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sector, and the total manufacturing sector. Since
then, the Bureau has developed and published
data for 20 two-digit manufacturing industries
and 9 three-digit industries, including metal
stampings.

Establishments in the metal stampings indus-
try produce automotive stampings, stampings
used primarily by other durable goods manufac-
turers, and crowns and closures used by produc-
ers of nondurable goods such as beverages and
preserved fruits and vegetables. Manufacturers
of automotive stampings accounted for more
than 57 percent of the metal stampings indus-
try’s output in 1991. Metal stampings, not else-
where classified (n.e.c.) made up 40 percent of
output, while crowns and closures accounted for
3 percent.

The influence on output per hour of capital
relative 10 labor is referred to as the capital ef-
fect and is measured by the change in the ratio
of capital to labor, multiplied by the share of
costs for capital in the total cost of producing
output. The influence of intermediate purchases
relative to labor is referred to as the intermedi-
ate purchases effect and is measured by the
change in the ratio of intermediate purchases to
labor, multiplied by the share of costs for inter-
mediate purchases in the total cost of output.

Of the 0.9-percent average gain in output per
hour over the 1963-91 period, the capital effect
accounted for 0.2 percent, and the intermediate
purchases effect accounted for 0.7 percent. (See
table 1.) On average, multifactor productivity ac-




counted for none of the growth in output per hour, as both
output and combined inputs increased 1.1 percent per year.

Growth in average annual output per hour slowed from
1.0 percent for the years 1963-73 to 0.6 percent from 1973
to 1979, but then rebounded to 0.9 percent per year over the
1979-91 period. {See table 2.) Output increased-an average
of 3.9 percent over the 1963-73 period and then fell 0.1
percent per year from 1973 to 1979. The average annual
decline in output accelerated to 0.6 percent over the remain-
der of the period examined. The labor input growth rate fell
from 2.8 percent for the years 196373 10 an average annual
decline of 0.7 percent over the 1973-79 period and then to a
decline of 1.5 percent per year from 1979-91.

Increased growth in the capital effect tempered the 1973—
79 slowdown in the labor productivity growth rate. Multi-
factor productivity remained constant, on average, over the
1963-91 period. After growing an average of 0.3 percent
per year {rom 1963 to 1973, multifactor productivity con-
tracted 0.2 percent per year over the 1973-79 period. Then,
from 1979 to 1991, the average multifactor productivity de-
cline slowed to Q.1 percent. The capital effect averaged zero
growth over the 1963-73 period, but increased at an average
annuat rate of 0.4 percent from 1973 10 1979 and 0.3 per-
cent over the 1979-91 period. The growth rate of the inter-

mediate purchases effect fell from 0.7 percent over the
1963-73 period to 0.5 percent from 1973 to 1979 and then
rose 1o (.8 percent for the remainder of the period studied.

Changes in multifactor productivity refiect changes in
output and the combined inputs of labor, capital, and inter-
mediate purchases. (See tables 3 and 4.) As previously men-
tioned, output grew at an annual average rate of 3.9 percent
over the 1963-73 period and then fell at annual rates of 0.1
percent over the 1973-79 and 0.6 percent over the 1979-91
periods. Average growth in combined inputs slowed from
3.6 percent over the 1963-73 period 10 0.2 percent from 1973
to 1979. Combined inputs then declined at a rate of 0.5 per-
cent per year over the 1979-91 period.

The changes in combined inputs mask somewhat diver-
gent trends in the individual inputs of labor, capital, and
intermediate purchases. Over the entire 1963-91 period,
capital grew an average 2.5 percent, while labor averaged
0.2-percent growth and intermediate purchases posted a 1.5-
percent average increase. As mentioned, labor hours declined
at averages of 0.7 percent over the 1973-79 period and 1.5
percent from 1979 to 1991, after having grown 2.8 percent
per year over the [963-73 period. Subsequent to growing
4.3 percent annually, on average, during 1963-73, interme-
diate purchases slowed to 0.1-percent annual growth from
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1973 to 1979. Intermediate purchases then fell an average of
0.2 percent per year over the 1979-9! period. Average an-
nual growth of capital input slowed from 3,2 percent for the
1963-73 period to 2.0 percent from 1973 to 1979, before
accelerating slightly to 2.2 percent over the remainder of the
period studied.

The capital effect (the weighted change in the ratio of
capital to labor) reflects differential movements in capital
services, labor, and the capital share weight. As a result of
the aforementioned trends in the growth of the capital and
labor inputs, annual growth in the ratio of capital to labor
surged from an average of 0.4 percent from 1963 to 1973 to
2.7 percent for the years 1973-79 and then accelerated fur-
ther to 3.8 percent per year through 1991. The average share
of capital fell from 15 percent over the 1963-73 period to 14
percent during 1973-79 and 8 percent from 1979 to 1991.
These influences combined to yield a constant capital effect,
on average, over the 1963-73 period and average yearly
gains of 0.4 percent during 1973-79 and 0.3 percent over
the 1979-91 period.

The intermediate purchases effect (the weighted change
in the ratio of intermediate purchases to labor) can be de-
composed in a similar fashion. Intermediate purchases grew
4.3 percent annually, on average, during the 1963-73 pe-
riod and then slowed to 0.1-percent growth from 1973 1o
1979. For the remainder of the period examined, intermedi-

P

Average annual rates of growth in output per
hour, multifactor productivity, and reiated
measures, metal stampings industry, 1963-91!

Change, Change,
1963 = | 1963 = | 1973 |1963-73| 1979~ /1973 -79
Measure 91 7 79 to 9 to
1973 -79 1979-9
Output per
hour ................. | 0.9 1.0 0.6 -04 0.9 0.3
Equals
Multifactor
productivity ..... 0 3 -2 -5 -1 .1
Plus
The capital
effect? ... 2 .0 A4 4 3 -1
Plus
The intermediate
purchases
effect® ............. 7 7 5 -2 .8 3

'Each measure presented in this table is computed independently. There-
fore, multifactor productivity, the capital effect, and the intermediate purchases
effect may not sum exactly to output per hour, due to rounding.

#The capital effect is the change in the ratio of capital to labor, multiplied by
the sharae of costs for capital in the total cost of cutput.

¥The intermediate purchases effect is the change in the ratic of intermedi-
ate purchases to labor, multiplied by the share of costs for intermediate pur-
chases in the total cost of output.
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ate purchases contracted 0.2 percent per year. These growth
rates exceeded those of labor input in each period, although
the rates converged somewhat over the 1973-79 period. As
a result, the ratio of intermediate purchases to labor, which
grew 1.5 percent from 1963 to 1973, increased just (0.8 per-
cent over the 1973-79 period. The growth rate then re-
bounded to 1.3 percent during 1979-91. Intermediate pur-
chases’ average share of total cost climbed from 52 percent
during 1963-73 to 54 percent over the 1973—79 period and
59 percent from 1979 to 1991. As a result of these trends,
growth in the intermediate purchases effect, 0.7 percent over
the 1963-73 period, was 0.5 percent from 1973 to 1979 and
0.8 percent over the 1979-91 period.

Qutput

Output in the metal stampings industry rose an average of
1.1 percent per year over the 1963-91 period, After posting
relatively strong gains averaging 3.9 percent per year in the
1963-73 period, metal stampings output fell 0.1 percent
per year from 1973 to 1979. After 1979, output fell further,
an average annual rate of 0.6 percent. In the private non-
farm business sectot, average annual output growth fell from
4.8 percent over the 1963-73 period to 2.9 percent during
1973-79, before slowing further to 2.3 percent from 1979
to 1991.

Output of the metal stampings industry is used primarily
as intermediate goods by other manufacturing industries,
mainly durable goeds manufacturers. Therefore, demand
for, together with the corresponding production of, other
durables determines the major part of demand for metal
stampings. Metal stampings production is highly cyclical
and more volatile than production in either the total manu-
facturing or the durables manufacturing sector, Especially
after 1973, strong upswings in industry output growth were
followed by sharp declines as great as 18 percent.

Domestic motor vehicle and equipment production de-
termines the greatest share of demand for the automotive
stampings component of the metal stampings industry, The
outputs of a variety of other durable manufacturing indus-
tries influence demand for output of the metal stampings,
n.e.c. industry. These industries include the heating and
plumbing equipment, fabricated structural metal, service
industry machines, engines and turbines, and electronic
components and equipment industries. In contrast to the
other two components, the crowns and closures industry
primarily manufactures intermediate goods for such nondu-
rable goods manufacturers as the malt beverages and pre-
served fruits and vegetables industries.*

Detailed data concerning the three components of the
metal stampings industry are not available separately for
years prior to 1972, Since 1972, these components have




shown divergent trends in output, Automotive stampings
output grew an average of 0.5 percent for the years 1972-91.
From 1972 to 1979, output growth averaged 0.3 percent; it
then rose to 0.5 percent annually during 1979-91. Qutput in
the automotive stampings component takes the form of fend-
ers, trim, body panels, mufflers, hubcaps, and other automo-
bile parts, all intermediate goods in the motor vehicle and
equipment industry. The relationship between the automo-
tive stampings component to the motor vehicle and equip-
ment industry determines the cyclical nature of the output of
the component.

For most of the period examined, trends in motor vehicle
cutput strongly influenced changes in automotive stampings,
although motor vehicle output grew at a faster average rate.
The 3.0-percent difference in average growth rates between
the two industries for the years 1972 to 1979 reflected a
change in the intermediate goods structure of motor vehicle
production. To meet Federal guidelines pertaining to fuel
efficiency, automotive manufacturers adopted new applica-
tions for lighter weight materials. From 1975 to 1991, the
volume of plastic used in the construction of the typical mid-
size domestic automobile grew 52 percent, while the amount
of iron, steel, and aluminum fell 24 percent. New applica-
tions of plastics included body panels, front and rear bumper
panels, bucket seats, fender extensions, and headlight hous-
ings.” Many of these applications displaced metal stampings.
Over the 1973-78 period, motor vehicle and equipment out-
put increased 18 percent, while the constant-dollar value of
metal stampings consumed by the industry fell 14 percent.

Qutput in the metal stampings, n.e.c. component re-
mained constant, on average, from 1972 to 1991. Qutput
grew 3.3 percent during the 1972-79 period, but then de-
clined 1.8 percent annually from 1979 to 1991. The vast
majority of output from this component serves as an inter-
mediate good for other durable goods manufacturing indus-
tries. In 1982, 77 percent of the domestic consumption of
metal stampings, n.e.c. commodities served as intermediate
inputs for other hard-goods manufacturers.’

On average, output in the crowns and closures compo-
nent fell 3.2 percent per year from 1972 to 1991, 1.1 percent
for the years 1972-79, and 4.3 percent from 1979 to 1991.
Crowns and closures output serves primarily as an interme-
diate good for such nondurable goods manufacturing indus-
tries as bottled and canned soft drinks; malt beverages;
canned fruits and vegetables; and drugs, cleaning, and toilet
preparations.® Many of these industries were growing over
the period studied, but were shifting to the use of plastic-
based products. From 1972 to 1991, shipments of metal
commercial closures declined a total of 20 percent, while
those of plastic closures grew 270 percent.’

Labor

In 1991, the metal stampings industry employed about
198,400 workers. The number of employees was 238,900 in
1969. Employment then fell to 198,200 in 1975, but rose to
250,200 employees in 1978. After 1978, employment fell
each of the next four years, but then rebounded and settled at

close to the 1975 level in- 1991, Although

Average annual rates of growth in output per hour,output, hours, capital, nonproduction wquers C(fmpnsed Just
inlermedicte purchases, and relaled measures, metal stampings 18 percent of the industry’s work force
industry, 1963-91 in 1963, the growth in their employment
accounted for 56 percent of the net in-
Change, Change, | Crease in total employment in the indus-
Measure 1963 - 1963 - 1973- | 1963-73 | 1979- 1973—79 try from 1963 to 1991. Also, the year-
9 73 7% fo 91 o _ i

197379 197991 | to-year ch-anges in the number of
nonproduction workers were not nearly
" as great as those for the more cyclically

Output per hour ............ 09 1.0 0.6 -04 0.9 0.3 dependent production workers.
OUIPUL ..o 1.1 3.9 -1 -4.0 -6 -5 All 1 h 0.2 1
HOUIS -..ooooocrvrnrarinrinnnnnns 2 28 -7 -35 -15 -8 employee hours grew 0.2 percen
Capital ............ 25 a2 20 -12 22 2 | annually, on average, from 1963 to
Capital per hour .......... | 2.3 4 27 2.3 38 11 1991. During the 1963-73 period, all
lCapltaI effect’ ... 2 0 4 4 3 -1 employee hours grew at a rate of 2.8 per-

ntermediate .

PUIChASES cvvvrvreooooeo 15 43 R _42 _2 -3 cent per year; then, all employee hours
Interrr:rdiate declined at an annual rate of 0.7 percent
R elies '3 '8 8 -7 '3 S | during 1973-79 and 1.5 percent from
purchases effect?......... 7 7 5 -2 B8 3 1979 to 1991. Production worker hours

increased an average of 0.1 percent from
'Capital par hour muitiplied by the share of costs for capital in the total cost of output. 1963 to 1991, divided into a 2 9—percent

2 . . f . . ’ .
wstlnotﬂmzilts-ne purchases per hour multiplied by the share of costs for intermediate purchases in the 1o1al annual average growth for 1963-73 and
declines of 0.8 percent during 1973~79
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and 1.8 percent during 1979-91. Nonproduction worker
hours increased (.8 percent per year over the 1963-91 pe-
riod, growing at 2.5 percent per year, on average, from 1963
to 1973 and then trailing off to a constant level of input, on
average, from 1973 to 1979. Nonproduction worker hours
fell 0.1 percent annuaily from 1979 to 1991,

Annual growth in all employee hours and production
worker hours was cyclical, following changes in output with
virtually no lags. Because of firms’ requirements for certain
nonproduction services regardless of incremental changes
in output, nonproduction labor grew in a less cyclical man-
ner than total labor and, when it followed changes in output,
demonstrated significant lags.

Average hourly earnings of production workers in the
metal stampings industry was $12.98 in 1991, 16 percent
higher than those of the manufacturing sector as a whole."®
From 1972, the earliest year for which these data are avail-
able for metal stampings, to 1991, average hourly earnings
rose at a rate of 5.5 percent per year, nearly the same rate of
increase as the manufacturing sector sustained.

Capital

Capital input in the metal stampings industry comprises the
flow of services derived from the equipment employed in the
production of metal stampings; structures (mostly buildings
housing the equipment used in production); finished goods,
work in progress, and inventories of materials and supplies
kept on hand in the firm; and the land on which the firm is
located. Capital input in the industry increased an average
of 2.5 percent from 1963 to 1991. From 1963 to 1973, out-
put grew at a higher rate than capital—3.9 percent, com-
pared with 3.2 percent. Over the next two subperiods stud-
ied, the opposite occurred: capital grew 2.0 percent, on aver-
age, while output fell 0.1 percent, for the years 1973-79,
and capital increased 2.2 percent, whereas output declined
0.6 percent annually, from 1979 to 199i. Output per unit of
capital input—that is, capital productivity—declined an av-
erage of 1.4 percent from 1963 to 1991. Capital productivity
grew an average of 0.7 percent annually for the years
1963-73, but then declined 2.1 percent during 1973-79 and
2.7 percent over the 1979-91 period. The decline in capital
productivity reflects the relatively steady growth in capital
input over a period when output growth slowed.
Equipment accounted for about 50 percent of capital, on
average, for the 1963-91 period. Structures made up an av-
erage of 21 percent of capital over the period, while invento-
ries accounted for 23 percent and land 5 percent of capital.
The proportions changed significantly over the period.
Equipment’s share rose from less than 50 percent in 1963 to
more than 60 percent by the end of the period studied. Struc-
tures’ share fell from about 28 percent at the beginning of
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the period to about 15 percent at the end. The share held by
inventories rose from 18 percent in the beginning to more
than 25 percent in the late 1960’s and 1970’s, but fell to 17
percent at the end of the period. Land’s share fell from about
7 percent at the beginning of the period to about 4 percent at
the end.

Intermedicate purchases

Intermediate purchases input increased 1.5 percent per year,
on average, over the period examined. From 1963 to 1973,
intermediate purchases grew 4.3 percent annually. Growth
then slowed to an average of 0.1 percent for the years
197379, before falling 0.2 percent from 1979 to 1991. Out-
put per unit of intermediate purchases—that is, intermedi-
ate purchases productivity—declined an average of 0.4 per-
cent over the period studied.

m Output and input indexes, metal stampings

industry, 196391
(1987 = 100)
Inter-
Com- mediate
Yeor Quiput | bined Hours | Captial pur-
Inputs chases
640 65.0 83.7 53.7 57.9
64.8 89.5 88.8 55.3 62.8
74.6 77.6 96.8 59.2 723
774 82.1 103.0 83.0 76.0
74.8 79.2 100.4 65,6 71.3
838 84.9 106.4 67.3 78.0
83.0 86.1 108.0 89.5 78.6
71.8 76.9 96.7 70.8 67.9
76.0 776 924 70.8 711
B5.1 84.9 99.9 707 80.4
93.6 92.7 1104 736 88.2
83.7 84.3 100.5 76.4 773
68.6 74.8 84.3 76.0 68.7
83.5 86.4 98.3 76.1 82.0
948 949 108.6 78.9 91.0
97.2 96.9 110.0 815 93.2
93.1 935 105.9 83.0 88.9
B80.7 929 83.7 735
799 916 858 725
74.3 84.4 87.0 66.8
83.1 922 85.9 773
95.6 102.7 B6.2 93.0
98.2 105.4 88.6 95.5
98.2 99.8 93.5 97.8
100.0 100.0 100.0 100.0
89.7 100.4 104.6 98.7
97.9 98.3 106.2 96.8
93.4 946 107.6 915
88.4 88.2 108.0 87.0
percent change
1963-91 ... 1.1 1.1 2 25 1.5
196373 . 39 36 28 3.2 4.3
1973-79 . -1 A -7 2.0 A
1979-91 ........... -6 -5 -1.5 2.2 -2




Intermediate purchases consist of materials, fuels, elec-
tricity, and purchased services used in the production proc-
ess. Materials—in particular, metals—account for about 91
percent of the value of intermediate purchases in the metal
stampings industry. Carbon steel, aluminum, and stainless
steel made up the largest categories of materials inputs
throughout the period examined. Purchases of carbon steel
accounted for 41 percent of the total value of materials in
1963 and 59 percent in 1972, falling to 53 percent in 1987.
Purchases of aluminum alloys made up 4 percent of the total
value of materials in 1987, below their 9-percent share held
in 1963. The share of stainless steel in the metal stampings
materials purchases fell from 6 percent in 1963 to 3 percent
in 1987."

Total energy input—of electricity and fuels—constituted,
on average, 2.5 percent of the value of intermediate pur-
chases input in the metal stampings industry. Energy input
increased 1.8 percent per year from 1963 to 1991. Energy
grew 5.3 percent, on average, over the 196373 period, but
then declined 1.2 percent from 1973 to 1979. Over the
1979-91 period, energy input grew 0.4 percent annually. The
quantity of electricity purchased increased an average of 3.2
percent per year from 1963 to 1991. During 1963-73, elec-
tricity grew 8.3 percent per year. It then fell 0.3 percent an-
nually from 1973 to 1979 and grew 0.8 percent per year for
the remainder of the period studied. Fuels input declined an
average of 0.8 percent yearly from 1963 1o 1991, After show-
ing no growth, on average, from 1963 to 1973, fuels input
declined 2.9 percent annually over the 1973-79 period and
0.4 percent per year from 1979 to 1991,

Over the majority of the period studied, energy consump-
tion—especially fuel—reacted to price changes nearly as
strongly as to changes in output level of the metal stampings
industry. As often as not, when fuel prices and output ex-
erted conflicting influences, the change in fuel prices proved
the stronger influence. From 1963 to 1991, output increased
1.1 percent annually. However, purchases of fuel declined
0.8 percent per year as fuel prices rose an average of 8.4
percent. In comparison to fuels, electricity input proved more
responsive to changes in the output level.

Technological change

The metal stampings industry manufactures a wide range of
components used in the production of capital goods and con-
sumer durables. The parts produced—stampings—range in
size from miniature electronic components to heavily ribbed
boxcar ends and range in complexity from flat washers to
deeply drawn automotive parts.”” Technological change in
the industry has sprung from unusual sources, such as a
weapons laboratory in California, and from simple refine-
ment and diffusion of technology developed prior to the pe-
riod studied.

The principal tool employed in producing metal stamp-
ings is the production press. Production presses close a slide
to a bed or anvil in a controlled reciprocating motion along
a defined path.”® In closing one or more dies to a desired
position with the proper force, presses shear, pierce, bend,
and otherwise distort the workpiece, converting it into the
desired size and shape.'* Presses have become faster, more
powerful, more accurate, and more flexible. Press capacity
over the 1966-76 period was 4 times greater, on average,
than it was over the preceding 35 years, and stroke speeds of
large transfer presses were 4 to S times faster than they were
30 years prior to the same period.'® Operating speeds of some
presses reach as high as 2,000 strokes per minute. Such high
rates require all related activities to be automatic.'s Presses
that are currently available have the capacity to hold toler-
ances low without sacrificing operating speed. A 60-ton pro-

n Multifactor and related productivily indexes,

metal stampings industry, 1963-91
[1987 = 100]
Qutput per
Multifactor | .y | Outputper | unitof
Year pro- + hour unit of inter-
ductivity pe capital medicie
purchases
1963 98.5 76.5 118.2 110.5
1964 ... 932 73.0 17.2 103.2
1965.... 96.1 771 126.0 103.2
1966 .. 94.3 75.1 12249 101.8
1967 .. 94.4 74.5 114.0 104.9
1968 ... 98.7 78.8 124.5 107.4
1969 .o, 96.4 769 119.4 1056
1970 s 93.4 74.3 1014 105.7
1971 ... 97.9 82.3 107.3 106.9
1972 ... 100.2 852 120.4 105.8
1973 ... 101.0 848 127.2 106.1
1974 ... 99.3 83.3 109.6 108.3
1975 ... Ny 81.4 90.3 999
1976 ... 9.6 84.9 109.7 1018
1977 .. 99.9 87.3 1202 104.2
1978 .. - 100.3 88.4 1193 104.3
1979 s 996 B79 122 1047
1980 .....cceeeeee. 96.9 84.2 934 106.4
1981 ... 97.9 854 91.1 107.9
1882 ... 948 83.4 80.9 105.4
1983 ... 101.0 91.0 97.7 108.5
1984 ... 103.5 96.3 114.7 106.3
1985 ... 98.6 91.8 109.3 101.4
1986 ... 97.3 95.7 102.1 976
1987 ... 100.0 100.0 100.0 100.0
1988 ... - 102.4 101.7 976 103.4
1989 ..o 101.2 100.8 93.3 102.4
1990 .o 98.4 97.1 85.4 100.4
1991 L 98.2 98.4 80.4 99.8
Average annual
percent change
1963-91 .. .0 9 =1.4 -4
1963-73 ......... 3 1.0 i -4
1973-79 ......... -2 B =21 -2
1979-91 ... -1 9 2.7 -4

Monthly Labor Review May 1995 53




Productivity in Metal Stampings

gressive die press is reportedly capable of holding tolerances
to 0.0005 inch at 1,600 strokes per minute.'” In addition to
increased power, speed, and accuracy, further diffusion of
progressive die and transfer press technology has allowed
for increased efficiency in operations requiring multiple
press strokes.

In the progressive die, the workpiece is fed through a se-
ries of die stations within a master die on a single press. The
part is usually formed from coil that is fed automatically
through the press and normally is not sheared from the car-
rier ribbon until it reaches the final die station. Larger
stampings, which cannot be transferred on a carrier ribbon,
may require several hand-fed operations to form a single
stamping.'® In this case, the slowest operator performing
the manually fed operations defines the operating speed.
Transfer presses, which employ individual die stations within
the master die and a transfer mechanism coupled to the press,
do not face the same limitations on size and sequence as
progressive dies do. Because they do not require a carrier
ribbon, transfer presses are able o move large workpieces
automatically between stamping stations. Elimination of the
carrier ribbon has resulted in material savings estimated at
20 percent to 40 percent.'® Progressive dies and transfer
presses reduce labor requirements for the production of com-
plex stampings and allow for increased speed, a higher level
of consistency (quality), and an increased duration of opera-
tion in the stamping process.

One method of improving the productivity of a press line
that cannot support progressive dies or transfer presses
is to retrofit the line with robotic transfer equipment between
presses, mimicking a transfer press. For jobs in which the
use of a progressive die was judged not feasible, one firm
employed robotic loading, transfer, and unloading equipment
with a battery of six open-back, inclinable presses. The adop-
tion of the equipment reduced the labor requirement for the
operation by more than 50 percent.”® Although the operat-
ing speed was not dramatically higher than that of manually
fed operations, the line ran continuously through breaks,
lunch hours, and changes in shift.

For simpler pressing and drawing operations, such as
those involved in the production of cans slated to contain
beverages, most of the effort of new technology is aimed at
increasing speed. The largest manufacturer of metal cans,
crowns, and aluminum and plastic closures is currently run-
ning plants with production lines that can stamp 1,650 cans
per minute, but expects production lines capable of raising
the figure to more than 3,000 cans per minute soon. At these
speeds, computer monitoring of all operations is crucial.
Should a press stroke fail to form a can as planned, material
could pile up and destroy equipment. Programmable logic
controllers are used by the company to monitor all opera-
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tions. A total of 69 such devices, each with a minimum of 50
inputs and outputs, is needed in the manufacture of the
company’s cans. The units are able to communicate with
each other, so any problems that arise can be quickly re-
solved by operators, This form of communication is not lim-
ited to just the plants themselves: the company’s corporate
headquarters is linked to the controllers so as to be able to
obtain information on production, downtime, and can counts.
Quality is still a concern at all stages of production. The
firm uses a light tester that can find the smallest of holes in
a less than perfect can, and those cans get blown off the line
with a stream of pressurized air.?!

n addition to increasing the efficiency of production runs,

he metal stampings industry has devoted a great deal of
attention to the relationship between productivity and flex-
ibility. To make shorter production runs more feasible, firms
have focused on reducing the time required to change dies
and, as a result, increasing the operating time of presses. In
place of manually bolting dies to the press bed, companies in
the industry have used mechanical and hydraulic clamps to
decrease the time required to change dies. Although inca-
pable of exerting as much force as hydraulic clamps do, me-
chanical clamps are easier to retrofit the press for, are simpler
to use, and are less costly than their hydraulic counterparts.?
Some manufacturers who have not felt the need to invest in
the new technology have been able to simplify and speed die
changes through standardizing the height of the die.

Reducing the time taken to change dies has also involved
the installation, removal, transport, and storage of the dies.
New systems of die lifters, prerollers, bolsters, cranes, and
die carts now make it possible for manufacturers to reduce
the time taken to change a die from hours to minutes. As an
example, a large automotive stamper that purchased a sys-
tem of die carts and related equipment for six large-capacity
presses reduced its changeover time from a full 8-hour shift
to 45 minutes.”

Most dies used by the industry are one of two types: pro-
totype dies or steel dies. A prototype die is made of zinc and
is generally used to make a few hundred or few thousand
parts to verify the shape of the die, and then a steel die must
be produced that replicates the zinc die for the rest of a pro-
duction run. Because it can take up to 10 weeks to make the
prototype die and 24 weeks to make a steel die (for an auto-
motive hood, for example), a significant reduction in cost
and development time can be realized with a new product.
GMR311 is a special zinc alloy with a surface hardness much
greater than that of conventional zinc. It can be used to pro-
duce more than 40,000 parts before reworking the die is nec-
essary. While this is a low figure compared to what high-
volume steel dies produce, it is enough to fill many
low-production orders for niche products. So instead of cre-




ating two dies for a limited production run, only the one
GMR311 die is built. Parts stamped from the new dies in-
clude fender brackets and fenders, roofs for pickup trucks,
fuel tanks, oil pans, and parts for convertibles.*

Many firms in the metal stampings industry opt to retain
their considerable investment in older, possibly outdated
equipment. Some smaller firms purchase used equipment
from larger stampers that are in the process of modernizing
their machine tools. In 1989, 35 percent ot the metalforming
machine tools and 29 percent of the metalcutting machine
tools were more than 20 years old in the industry group that
includes the metal stampings industry.” The percentage of
forming equipmeni under 10 years old fell from 33
percent in 1968 to 20 percent in 1983 and then rose to 26
percent in 1989.%¢ The penetration of numerical control was
fairly limited; in 1983, 10 percent of firms in the industry
had numerically controlled shearing and punching ma-
chines, and 4 percent had numerically controlled bending
and forming machines.”” Slightly more than 1 percent of
metalforming machine tools were numerically controlled.”

Numerical control was first applied to a stamping press in
the early 1950°s.?® Initial numerical control units read in-
structions from a computer-generated, perforated tape. As
electronic devices became more compact and reliable, con-
trol units assumed data-processing functions, and the distinc-
tion between the computer and the control unit grew less pro-
nounced.” Computerized numerical controls became widely
available in the early 1970's. These controls allowed for the
direct entry of specifications into the control unit. Some also
had the capacity to interface with computers, allowing for the
closer integration of the production process with computer-
aided design. Currently, one of the more provocative appli-
cations of control technology in conventional presses is the
flexible fabrication system. One system that is available is
capable of stamping a variety of related parts in a single run
without the need to change the die manually. All operations,
from the unloading of coil on the uncoiler 1o the stacking of
finished stampings, are automatic. The operator changes the
specification of a part by directly entering responses to com-
puter-generated prompts.*' The change is almost instan-
taneous and makes shorter production runs more feasible.

Regardless of the type of control and die used to stamp a
part, manufacturers will sometimes produce unsatisfactory
products that will be rejected by the consumer—an auto
plant, for example. A firm in Michigan that makes quarter
panels and trunk lids for Ford’s Lincoln Town Car tries to
catch any malformed product before it leaves the shop. As
many as 60 different points on one body panel are measured
to ensure that the panel will fit properly on the automobile.
The company uses voice recognition technology to enable
its inspectors to carry out data collection in a manner in
which the inspectors need not look at or touch the recording

metal

device. The device employed is portable, battery powered,
and able to digitize the operator’s speech. The results are
uploaded to a minicomputer. Even in a noisy plant, only the
operator’s individual voice is recognized by the device,
which alerts an inspector if a measurement is not within the
range specified by engineers and tells the inspector where to
take the next measurement. This allows each inspector 1o
increase the number of panels examined per shift and to do
s0 in a more accurate fashion, with less strain and stress on
the operator. No longer do the inspectors have to write down
their findings on paper and then enter them into a computer
after each shift. The new process precludes manual data en-
try errors simply because there is no manual data entry.”

Another target of new technology in the industry is the
design of the dies themselves. Dyna3D is a massive com-
puter program (150,000 lines of code) developed at Lawrence
Livermore National Laboratory to model and predict the ef-
fects of collisions and explosions. Originally a secret mili-
tary project, it is now used by nearly every auto manufac-
turer and several firms that manufacture metal stampings.
Dyna3D helped a brewer create a tougher beer can, and one
of the largest aluminum stampings firms is using the pro-
gram to model tools and dies used to make metal stampings.
Conceptually, the software throws a mesh over any object,
and when this mesh of elements is hit, with a missile or a
stamping die, the stresses and strains on each unit of the
mesh can be calculated. It is much cheaper to simulate the
stamping of a large piece of metal with an experimental die
than to construct a genuine die and use it to stamp an actual
metal part, which may then be found unacceptable because
the new dic is not formed properly; also, the stamping proc-
ess can be performed many times, under different conditions.
This type of simulation software saves money in materials
and can lead to new metal-stamped products.™

Technological advancements in the metal stampings in-
dustry are not as readily apparent as in other sectors of the
economy. Nonetheless, significant progress has been made
in the areas of speed, accuracy, cost reduction, and life span
of the equipment itself. These advancements help reduce the
production costs of many of the final products used by con-
sumers every day, such as beverage cans, washers and dry-
ers, and automobiles,

Qurtrur PER Hour in the metal stampings industry increased
at an average annual rate of 0.9 percent over the 1963-91
period. This growth rate can be decomposed into average
growth rates of 0.2 percent in the capital effect and 0.7 per-
cent in the intermediate purchases effect, while multifactor
productivity exhibited no growth. The slowed average an-
nual growth exhibited in labor productivity in the periods
after 1973 reflect mild declines in multifactor productivity,
partially offsetting modest growth in both the capital effect
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and intermediate purchases effect. Multifactor productivity
grew somewhat in the 1963-73 period (0.3 percent per year,
on average), but declined slightly in the 1973-79 and
1979-91 periods. .
The decline in output growth is due in part to substitu-
tions of other materials for metal-stamped products in the
industries that were the largest consumers of stampings.
Many of the technological advances in production presses,
related equipment, and solid-state controls seem limited to
a small number of firms, primarily the large automotive
stamping firms and some of the large and midsize job
shops. (|
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APPENDIX: Measurement of multifactor productivity

Methodology and data definitions

The following is a brief summary of the methods and data that
underlie the multifactor productivity measure for the metal stamp-
ings industry. A technical note containing more details is available
from the authors at the Office of Productivity and Technology, Bu-
reau of Labor Statistics, 2 Massachusetts Ave., N.E.,Washington,
DC 20212,

Quiput. The output measure for the metal stampings industry is

based on the weighted change in the deflated value of shipments of
various types of metal stampings, as reported in the Census of
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Manufactures and Annual Survey of Manufactures. Deflated five-
digit primary product shipments were Tomgvist aggregated using
the values of product shipments as weights. This measure is in turn
benchmarked to Tornqvist indexes of constant-dollar production
calculated from detailed quantity and value data published in the
Census of Manufactures for 1963, 1967, 1972, 1977, 1982, and
1987.

For multifactor measures for individual industries, output is
defined as total production, rather than the alternative of value
added. For a value-added measure, intermediate inputs are sub-
tracted from total production. Consequently, an important differ-
ence between the multifactor productivity indexes BLS publishes




for individual industries and those for aggregate sectors of the
economy is that the latter measures are constructed within a value-
added framework. For the major sectors of the economy, interme-
diate transactions tend to cancel out; intermediate inputs are much
more important in production at the industry level.

Further, cutput in the measures for individual industries is de-
fined as total production that *leaves™ an industry in a given year
in the form of shipments, plus net changes in inventories of fin-
ished goods and work in process. Shipments to other establish-
ments within the same industry are excluded when data permit,
because they represent double counting, which distorts the produc-
tivity measures.

Labor. Employee hours indexes, which represcnt the labor in-
put, measure the aggregate number of employee hours. These hours
are the sum of production worker hours from the BLS establishment
payroll surveys and nonproduction worker hours, derived by multi-
plying the number of nonproduction workers from BLS surveys of
establishments in the industry by an estimate of average annual
hours worked by nonproduction workers. The labor input data are
the same as those used in the previously published 8LS output-per-

hour series for the metal stampings industry.

Capital. A broad definition of capital input, including equipment,
structures, land, and inventories, is used to measure the flow of
services derived from the stock of physical assets. Financial assets
are not included.

For measurements of productivity, the appropriate concept of
capital is productive capital stock, which represents the stock used
to produce the capital services employed in current production. To
measure the productive stock, it is necessary, for each type of as-
set, to take account of the loss of efficiency of the asset as it ages.
That is, assets of different vintages have to be aggregated. For the
measures in this article, a concave form of the age-efficiency pat-
tern {efficiency declines more slowly during the earlier years) is
chosen.

In combining the various types of capital stock, the weights ap-
plied are cost shares based on implicit rental prices of each type of
asset, They reflect the implicit rate of return to capital, the rate of
depreciation, capital gains, and taxes.'

Intermediate purchases. Intermediate purchases include materi-
als, fuels, electricity, and purchased business services. Materials
measured in real terms refer to items consumed or put into produc-
tion during the year. Freight charges and other direct charges in-
curred by an establishment in acquiring these materials are also
included. The data from which the intermediate inputs are derived
include all purchased materials and fuels, regardless of whether
they were purchased by the individual establishment from other
companies, transferred to it from other establishments within the
same company, or withdrawn from inventory during the year. An
estimate of intraindustry transactions is removed from materials
and fuels.

Annual estimates of the cost of services purchased from other
business firms are also required for the measurement of multifac-
tor productivity in a total output framework. Some examples of
such services are legal services, communication services, and re-
pair of machinery. An estimate of the constant-dollar cost of these
services is included in the intermediate purchases input.

Cost shares for capital, labor, and intermediate purchases.
Weights are needed to combine the indexes of the major inputs

into a combined input measure. The weights for the metal
stampings industry are derived by dividing an estimate of cost in
current dollars for each input by the total cost of all inputs.

Conceptual framework

The multifactor productivity measure presented in this article
is computed by dividing an index of output by an index of the com-
bined inputs of capital, labor, and intermediate purchases. The
framework for measurement is based on a production function that
describes the relation of the output to the inputs and on a formula
for an index that is consistent with this production function.

The general form of the production function underlying the
multifactor productivity measures is postulated to be

() Q) = QK@LLNM().n
where Q(f) is total output, K(¢) is input of capital services, L(#) is
input of labor services, M(¢) is input of intermediate purchases,
and ! is time.

Differentiating equation (1) totally with respect to time, we
obtain, after some algebraic manipulations, the sources-of-growth
equation,

(2)

where 0/Q is the rate of change of total output, A/A is the rate of
change of multifactor productivity, K/K is the rate of change of
mput of capital services, L/L is the rate of change of input of labor
services, M/M is the rate of change of input of intermediate pur-
chases, w_is output elasticity (percent change in output due to a 1-
percent change in input) with respect to the capital input, w, is
output elasticity with respect to the labor input, and w_ is output
elasticity with respect to the intermediate purchases input. (A dot
over a variable indicates the derivative of the variable with respect
to time.)

Equation (2) shows the rate of change of output as the sum of
the rate of change of multifactor productivity and a weighted aver-
age of rates of change of capital, labor, and intermediate purchases
inputs. Now, if competitive output and input markets are assumed,
then each input is paid the value of its marginal product. In that
case, the output elasticities can be replaced by factor cost shares;
that is,

PK FL P.M

R \4’,.: —— W =
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where P _is the price of outputand P, P, and P_are the prices pald
for the caplta] (K), labor (L), and mtermedlate purchases (M} in-
puts, respectively. Furthermore, if constant returns to scale are as-
sumed, then w, +w,+w = 1.

Equation (2) can be rewritten as

3) A9 K L M
A Q 'tk 'L ™M

In this expressicn, the growth of multifactor productivity can be
seen as a measure of economic progress; it measures the increase
in output over and above the gain due to increases in inputs.
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Equation (2) can also be transformed into a contribution equa-
tion, which allows for an analysis of the change in output per hour.
First, we subtract /L. from both sides of the equation. Then, be-
cause the weights sum to unity, we apply the term (w, + w,+w ) to
the £/ term inserted on the right-hand side. Fmally, wc collect
terms with the same weight, to obtain

@ g_£=w[x £]+w_[£_£]+£
Q L K L M L} A

The left side of equation (4) is the growth rate of output per
hour. The terms in brackets are the rates of change in the ratios
of capital to labor and intermediate purchases to labor. Thus, the
rate of growth in output per hour can be decomposed into the
weighted sums of changes in these ratios plus the change in multi-
factor productivity.

Equations (2), (3), and (4} describe aggregation in continuous
form. The BLS multifactor indexes are constructed according to a

Torngvist formula that represents aggregation at discrete points in
time and is consistent with a transcendental logarithmic produc-
tion function. The rate of change in output or an input is calculated
as the difference from one period to the next in the natural loga-
rithms of the variables. For example, Q/Q is calculated as

In Qt) = ln Ot — 1).

Indexes are constructed from the antilogarithms of this differ-
ential. The weights w,, w, and w_are calculated as the arithmetic
averages of the respective shares mn periods 7 and ¢ - 1,

Footnote to the appendix

' For an extensive discussion of the measurement of capital, see Trends in
Multifactor Productivity, 1948-81, Bulletin 2178 {Bureau of Lgbor Statis-
tics, 1983).
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