
Non-normal distributions, continued
{See Skewed distributions; Bi-

modal distributions; Multi
modal distributions; Sym
metr ica l non-normal d is t r i
butions)

Non-normal sampling distributions,
132, 138, 182-183, 191, 239.
2 4 2

Non-random arrangement of points
on a control chart, 36, 55-56,
72-73, 75, 99, 108-109,149

{See Grouping or bunching)
N on-randomness

in haphazard data, 116
in measurements, 116,165-166
in patterns, 24r-25, 149, 153, 156,

160, 161, 165, 172, 173, 175,
1 7 6 - 1 7 7

in sampHng, 167, 171, 173, 180,
214, 239

Non-standard control charts, 198
Normal capacity, losses, yields etc.,

35,45,46,54
N o r m a l d i s t r i b u t i o n

assumption of, 78, 80, 82-83, 88,
12^125, 127,154

behavior of samples from, 156
compared with specification, 30-

31, 58-59,119-121,132-133
description of, 131-134
equation for, 132
estimating percentages for, 30-31,

58-59,132-133
estimating spread of, 56,71,119-

120,122
fitting data to, 139-141
importance of, 78, 80, 82-83, 88,

124-125,126-127,132,138
"modified" limits for, on a shop

chart, 195-196
not necessarily desirable, 57
not necessarily present in the case

of a natural pattern, 170
of errors, 88
probabilities associated with, 132-

133, 180-182
sampling distributions from, 138,

181,182
tables for, 133
tests for, 78-79,83,133-134
theoretical description of, 131-

134, 139-141
Normal inspection

as an inspection level, 246, 264,
2 7 3 - 2 7 4

as normal amount of detailing
etc., 46, 120-121, 226, 233-
236, 246, 254r-255, 256, 257,
263, 265

Normality
assumption of, 78, 80, 82, 83, 88,

124-125, 127, 154

H t U L

hypothesis of, 82
{See Normal distribution)

Normal lot size, 262
Normal product

accepted by a sampling plan, 233,
244, 255, 264, 265, 273, 274

rejected by a sampling plan, 246,
254-255, 265, 273

(See Process average; Process
capability)

(See also OC curves)
N o t e s

by a machine setter. 66, 67, 213,
2 1 7

recorded in a process capability
study, 49, 51, 53, 66, 67, 70,
71

recorded on a shop chart, 206,
208, 209, 212, 213, 215, 217,
218,221,227

up, 20
np-Charts, 20, 160, 191, 229
N u m b e r

of a gage, test set etc., 49
of a machine or shift, 49, 207
of causes affecting one chart, 190
of characteristics covered by in

spection, 265, 270
of characteristics covered on a p-

chart or c-chart, 17, 48, 59,
157,159,160,189,190,196

of characteristics covered on a
sampling plan, 263

of charts, 34, 38, 41, 72, 187, 189,
190, 199, 219, 223, 225, 226,
2 2 7

of complaints, 38, 62, 226, 246,
2 6 4

of defects, 20-21,46,191,206,233,
236,239,240,265

of defects missed by 100% inspec
tion, 236

of defects per unit (as an inspec
tion requirement), 265

of inspection items, 263, 265, 270
of inspectors, 23,38,226
of jobs on sampling inspection, 226,

2 3 3 - 2 3 6
of jobs under process control, 226
of measurements in an experi

ment, 77-78, 84-85, 90, 93,
110, 111, 113 {See Amount of
data)

of measurements in a process cap
ability study, 50, 66-72

of operations, 225
of operations charted, 190, 225,

2 2 6
of operations not requiring process

control, 190, 225
of operations still to be studied,

2 2 5
of operations studied, 225, 226
of onerators. 23.38. 71. 226

of operators working with process
control, 226

of process control charts {Set
Number of charts)

of samples taken in a process
capability study, 66

Number of units
in a sample, 12, 17,18,19,20,50-

51, 66, 83, 84, 85, 98, 107,
111, 160, 189, 191 {See
Sample size)

in an experiment, 78-80, 84, 85,
91-93,110,113,116

Numbers in general, 3,4, 5,6
Numerical effects in data, 75, 94-

97,99,100,102-106

o

Objectives
in separating data, 36, 55, 59, 75

157,159, 218-219
of a cost reduction case, 226
of a quality control program, vii

3-4, 10, 33-41, 45-47, 53-54,
61-63, 71-72, 75, 77, 119,
122, 125-126, 169, 187-189,
201-203, 217-226, 233-236,
2 7 3 - 2 7 4

of designed experiments, 4, 34,
36, 62, 75-77, 84, 91, 92,
101,112-113, 219,220

of inspection, 38-39,233-236,264,
2 7 3 - 2 7 4

of process capability studies, 34-
36, 45-47, 66, 72, 159, 187,
2 2 1

of process control charts, 10, 36-
38, 62, 63-64, 125, 187-189,
190, 201-206, 224, 225-226,
233,262,265,273-274

of the Quality control team, 33,
39-41, 45-47, 66, 75, 187,
223-226, 236, 274

Obscure patterns (in a procese
capability study), 66, 67

Observational standards, 268
Observations {See Measurements

Data)
Observed average, frequency etc.,

7 8
O b s e r v e d d a t a

informal analysis of, 5, 6, 9, 78
theoretical distribution fitted to,

1 3 9 - 1 4 1

Observers, 50
Obsolete shop charts, 41, 199, 219,

223,227
Obtaining data

cost of, 17,47-48,116,188,189
difficulty of, 17,47,188,189
for experiments, 76, 77, 84, 85,

9 1 - 9 2 . 9 3 . 1 1 3 - 1 1 7



for performance studies, 74, 188,
2 2 8

for process capability studies, 47-
61,56,63-64, 66-67, 223, 228

for shop charts, 41,196-192, 205^
210, 213-215, 223, 228

Obvious defects, 209,269
Occasional checks, 190, 224
Occasional disturbance in a process,

16, 51, 53, 67, 150, 203-204
(iSee Overadjustment)

O C c u r v e s
as basis for selecting sampling

plans, 242-246, 247,249, 252,
254-255, 256, 264, 265

compared to process, 244, 255,
264, 265

costs associated with, 245-246
economic importance of, 242-246,

254-255, 264-265
examples of, 239, 243, 246, 249,

252, 256
explanation of, 238-239, 239-242,

2 4 2 - 2 4 6
for continuous sampling, 241, 256
for single, double and multiple

sampling, 239-242, 243, 244-
2 5 5

for variables sampling, 242
importance of, 242-246, 255, 264,

2 6 5

plotting of, 240-241
used in comparing sampling plans,

242-245, 246, 249, 252, 256,
2 6 0

uses for, in estimating risks, 244-
2 4 5

Odd points in a test, 26,181
O fi f c e n t e r

contacts on a relay, 19
distributions, 62, 64, 121, 160,

167, 220
parts, assemblies etc., 5, 8, 155,

167, 175, 180
Off center processes

as shown on a char t for ind iv idual
measurements, 160

deliberately run close to one side
of specification, 64, 220

effect of, on yields, 62,64,121
in trouble with specification, 31,

62-63,64,121,122
Official quality rates, 264, 270, 273
Ohms, 119
Oil, 216,270
Olmsted, P. S., 277
O m i s s i o n

of operation, 163,180,270
ofa;'s,23, 218

"One best place" (for a distribu
tion), 193

One factor experiment, 76
One hundred percent.

gaging by shop, 72

good or bad (said of product),
173, 180, 190

inspection, 46, 188, 190, 226,233-
236, 249-251, 254, 256, 257,
263, 265

sorting, 46, 71-72, 120-122, 190,
191, 226, 235, 246, 252, 255,
257, 263, 265

One percent limits, 97, 99, 100, 107,
1 0 9

O n e - s i d e d
process, 62, 64,121,160, 220
tests, 28, 182

One year report, 225
"Opens," 209
Operate current, 66-71
Operating organization

action by, on control charts, 16,
19,202,203-204, 217-219,221

cooperation of, with Engineering,
33, 38, 39-41, 45, 65, 74,188,
190, 202, 219, 220, 223, 224',
2 2 6

emphasis on, vii, 187,201, 216
problems of, 3, 4, 10, 15, 19, 22-

23, 33-38, 40, 46-47, 61, 62,
63-65,66-73,91,101,120-127
151, 168, 187-226, 234-236,
246, 254-255, 260-265, 273-
2 7 4

rejection of product to, 4, 37, 46,
66, 71, 226 227, 237, 244-
246, 254-257 261, 263, 265,
2 6 9

relations of, with Inspection, 37,
38-39, 126, 187, 201, 202,
233-236, 246, 257, 260-262,
2 6 9

responsibility of, for plotting
charts, 36, 41, 65, 187, 192,
197, 201, 205-216, 217, 219,
221, 223, 227, 228, 234

responsibility of, for quality, 233-
2 3 6

rei^onsibility of, for results, 46,
48, 188, 201, 203, 216, 217,
2 3 5

routines in, 33, 38, 65, 77, 202,
220,246 (See Bottlenecks)

should not aim at AOQL, 254-255
sorting by, 46,120-122, 226, 234-

236, 246, 254-257, 260, 263,
2 6 5

(See Shop experience; Shop
troubles)

Operating supervisors, vii, 4, 5, 23,
33, 38, 39-41, 162, 16^169,
201-226, 236

Operational sorting
(See Sorting)

Operations
breakdown by, 33, 36, 55, 166,

2 2 4 - 2 2 5

categories for, 225

continuity of, in the shop, 36, 46,
187, 202, 217, 219

definition of, 225
difficult, 34, 47
effect of, on other operations, 187,

202 (See Early operations;
Subsequent operations)

expensive, 34, 47, 71-72, 122,
235, 265

found to be free from trouble, 264
nature of, in the shop, 38, 46, 47,

190, 224, 225
number of, in the shop, 224,225
sequence of, 209, 267
shortcuts in, 57, 70
studied and charted, 190, 224-

2 2 6

Operations research, 40, 77, 277
Operators

acting as process checkers, 190,
2 1 3

acting on control charts, 4, 155,
158, 164, 167, 177, 178, 188,
203, 221, 235, 265

advantages of quality control for,
201, 202, 203

as a variable, 5, 6, 17, 30, 36, 55,
62, 69, 72, 73, 152, 171, 172,
178,202,214,215, 217

capability of, 35, 46, 73,170
charts for, 201-203, 221-222
comparison of, 36, 49, 55, 159,

171,175, 204, 215, 218
control by, 30, 48, 57, 70, 188,

2 0 3
covered by process control, 226
encouragement of, 4, 33, 174, 188,

201-203, 223, 226
equipment given to, 155,158,, 164

167, 169, 174, 175, 176, 179,
180, 203, 217, 218

experience of, 6, 73, 158, 164
(See Training)

explanation of control charts to,
201-202, 223, 226

habits of (See Work habits)
importance of, 38, 201, 202, 203-

204, 223, 226
instruction of, 37, 158, 202, 212,

217, 219
meetings with, 201-202, 223, 226
motivation of, 174, 188, 201, 202,

2 2 3
names of, for identif3dng data,

49,207,218,271
number of, required for building

product, 23, 38, 71,226
of an instrument, 87,88,89
sorting by, 122,234,235,246,257,

260, 263, 265
training of, 31, 35, 37, 46, 55,

70, 72, 73, 155,158, 162, 164,
167, 168, 169, 175, 180, 202,
203,204,212,217,219

3 0 5



Opportunities
for cost reduction, 34, 36, 46-47,

54,187-188,226
for finding defects, 20
for improvement, 35-36, 54-56,

66-71, 76, 120-121, 220, 226
Optimum

balance between cost and quality
{See Balance; Economic
stopping point)

level for a process, 37, 62, 64,120-
121,188,193,264-265

number of control charts, 34, 38,
41, 62, 63, 189, 199, 219, 223

Optional calculations, 49, 53, 98,110
O r d e r

absence of, in a natural pattern,
7, 24, 149, 160, 161-162,175,
176 {See Arrangement)

of measurement, 78, 82, 83, 84, 85
of plotting, in experiments, 82-83,

84 ,85 ,99 ,108-109
of production or testing, 5-6, 15,

49,61,66,82,84-85,151,176,
192, 207, 214 {See Sequence)

Orders (for work done etc.), 40
Ordinary

control limits, on a p-chart, 19
variables, 37-38, 61, 62, 71, 150-

151, 217 {See Shop-type
variables)

Oscillator, 90
Other departments, 223, 224 {See

Suppliers)
Ott,E. R., 101,113,262, 277
Outer control limits, 99,107-109
Outer third of a control chart, 25,

27, 181-183, 208
" O u t o f c o n t r o l "

examples of, 9, 10, 15-16, 19, 37,
59-61, 66-71, 72-73, 82-83,
87-89, 99-100, 196-197, 203,
204, 206, 212-213

good or bad? 6, 35-36, 54-56,
150-151,189-190

importance of, 35-36, 37-38, 45,
52-53, 54-56, 61, 74, 91, 111,
113, 122, 131, 141, 145, 189-
190, 196-197, 217-219, 221,
223,227,262-263,273-274

meaning of, 9, 25-28, 30-31, 37,
63, 65, 66, 72, 74, 83, 87, 89,
100-101, 116-117, 149-151,
159, 160, 172, 189-190, 217-
219, 220-221, 222

synonymous with trouble, 189,
190, 223

tests for, 23-30, 79, 180-183,192,
208-209, 215, 218, 227, 229

Out of limits, 37, 46, 54, 56, 66, 71,
121, 160, 189, 204-206, 254

{See Percentage)
Out of order, 156,171,180

Out of parallel, 198
Out of round, 89-90,198
Out of specification

{See Out of limits)
Out-of-the-ordinary, 150
Output, 4, 10, 33-38, 46-47, 62, 64,

66, 71, 91, 101,122,187-189,
198, 202, 203, 217-219, 220,
224, 225, 235, 255

{See Quantity; Production; Ef
ficiency)

"Outside limit" material, 254, 269
Outstanding Causes, 38, 63, 70, 190
Oven, 47, 55, 102, 104, 114, 152
Overadjustment, 16, 67, 166, 180,

188, 190, 203-204
O v e r a l l

capability, 46, 48, 59, 157, 159
cost of control charts, 10, 34, 35,

38, 62, 225-226
estimates, 47, 48, 59
p-chart, 17, 48, 59, 157, 159, 188-

189, 190, 196-197, 198, 218
quality standards, 264, 270,273
savings, 10, 33-34, 38, 46-47,

225-226 {See Cost reduction)
shifts and trends, 196-197

Overhauling of machines, gages etc.,
16, 53, 113, 219

{See Maintenance)
Overlapping tolerances, 54,124-126,

1 8 8
Oversize parts, 71,155, 214

P

p, 17, 18
P a i r s

alternate {See Alternate pairs)
measurements occurring in, 160
of measurements, used in analy

sis, 83, 85, 108, 109
successive {See Successive pairs)

Panels, wired, 72, 73,191
Pans, 167, 171, 214
Paper

and pencil, in the shop, 215
graph, 13,17, 22, 79,133,211,215
improvements on, 187
probabi l i ty {See Probabi l i ty

paper)
products, 20

Parameters of a product
{See Characteristics)

P a r e n t d i s t r i b u t i o n
as related to sampling distribu

tion of averages, 16, 30-31,
1 3 8

a s r e l a t e d t o v a r i o u s o t h e r s a m

pling distributions, 138, 181,
182

information on, 6, 16, 53-54, 56,
61, 119-120, 122, 131, 137,
138-139, 141, 170 {See aUo,
appropriate portions of pages
161-180)

{See Universe; Individuals)
Parent population

{See Parent distribution)
Part numbers, 196,209,269,270
P a r t s

alignment of, 5, 8, 19, 68, 69, 155,
167, 175, 180

positioning of, 68, 69, 167, 175,
176, 180

{See Piece parts)
P a t t e r n s

analysis of, 9, 11, 23-32, 34-37,
52-56, 62, 66-73, 82-84, 87,
89, 100-101, 107, 109, 111-
112, 116-117, 149-183, 189-
190, 199, 203-206, 208-209,
212-219, 223-224, 227, 229,
2 3 7 - 2 3 8

apparently worse than others, 67
as source of assurance, 9, 274
breakdown of, 36,55,66-68,72,166
changes in, 55,66—72, 73,153, 155,

164-165, 166, 168, 174-175,
177-179, 203, 206, 218

complex, 54, 67, 72 {See Complex
patterns)

continuous movement of, 9, 29,
160 {See Trends)

edge of, 24-25, 29, 160, 169. 171,
1 7 2 - 1 7 4

erratic, 8, 19,31,54-56, 60, 67, 68,
72, 162-163, 166, 169, 179-
180, 204, 206

fiuctuating, 5-6, 7-9, 24, 66, 72,
160, 175, 176, 178, 190, 219,
2 3 7 - 2 3 8

hidden, 67-68, 75, 218
importance of, 4, 6, 9, 11, 35-36,

39, 45, 47, 53-56, 60, 61, 66-
73, 74, 83, 87-89, 91, 97, 99-
101, 144, 145, 149-180, 203-
206, 215, 218, 219, 221, 223

inconclusive, 28, 62, 64, 112, 146
in control, 9, 35, 36, 38, 45, 47,

53-54, 58, 59, 61, 71, 74, 91,
119-122, 127, 131, 141, 149-
151, 159, 170-171, 187, 188,
189, 190, 195-196, 205, 221

information from, 4, 11, 15-16,
19-20, 35-36, 37, 53-56, 66-
73, 83, 87, 89, 97, 100-101,
152-180,189, 217-219,221

interpretation of, in designed ex
periments, 82-83, 84, 87,
89, 100-101, 107, 109, 111-
112, 116-117

interpretation of, in process capa
bility studies, 35-36, 52-56,
59-60, 62, 66-73,171

3 0 6



interpretation of, on shop charts,
37-38, 41, 63, 65, 171, 190,
192, 194-195, 199, 201-216,
217-219, 221, 222, 223-224,
2 2 7

interrupted, 60, 194
length of lines in, 160,169
l is to f , l l ,54,161
marking of {See Markings on con

trol charts; Marking x's)
middle of, 24-25,29,160,169,171,

172,173,174
natural {See Natural pattern)
non-random, in data, 24-25, 116,

149, 153, 156, 160, 161, 165-
166, 172-173, 175, 176, 177

obscure, 66-67
of instability, 11, 25-28, 54, 68-

69, 72, 83, 87-89, 161, 166-
167,179-180

out of control, 9,10,15-16,19,25-
32, 35-38, 52-53, 54-56, 59-
61, 63, 65, 66-73, 74, 79, 82-
83, 87-89, 91, 99-101, 111,
113, 116-117, 122, 131, 141,
145, 149-151, 159, 160, 172,
189-190, 192, 196-197, 203,
204, 206, 208-209, 212-213,
215, 217-219, 220-222, 223,
227, 229, 237-238, 262-263,
2 7 4

produced by unnatural variation,
6,9, 35, 54-56, 159, 218, 221

reading of, 66-67, 69
recognition of, 11, 54, 66-70,161,

213, 21&-219
repetition of, 29, 69, 84-85, 156,

160, 161, 175, 176-177
shift in, 11, 54, 55, 72, 152, 161,

164-165, 173, 174-175, 177-
1 7 9

significant, on a control chart, 35,
54-56, 60, 66-73, 75-76, 82,
87, 88, 99,149-180, 203-206,
212, 217-219, 220, 221

simplification of, 17, 36, 38, 48-
49, 53, 54-56, 59, 63, 66-73,
75, 106, 157-160, 166-167,
179, 190, 197, 199, 218-219,
221-222, 223

tests for, 9, 23-30, 100, 107, 109,
180-183, 208

types of, 6,11,23,54,152-160,161
uninterpretable, 17,48,49,59,66-

67, 72,157,159,190, 219
unnatural {See Unnatural pat

terns)
used by Inspection, 39, 262-263,

2 7 4

{See Control chart patterns;
Tests for unnatural patterns)

Pay group, 22, 203, 222

p-Charts
advantages of, 11, 17, 19-20, 48,

59,157,188-189,196-197
amount of data required for

(in engineering studies), 28,
50-51 ,113 ,191

as one of the measures of process
capability, 45, 54, 56, 59,
62, 157

assignable causes on, 11, 159, 189,
1 9 0 , 2 1 8 P

breakdown of, 48,59,157,159,190
calculations for, 7-8, 17-18, 20,

162,196-197, 215, 229
centerlines for, in the shop, 62,

63,192,193-195,197
characteristics to be plotted on,

11, 17, 48-49, 59, 157-159,
189, 190

compared with np-charts, c-
charts and w-charts, 11, 20-
21, 31, 49, 160,189,191

comparisons between, 51,159
complex patterns on, 17, 48, 59,

73, 157, 159, 190, 198, 218,
2 2 3

components of, 59,157,159
construction of, 7-8, 17-18, 20,

1 9 6 - 1 9 7
control limits for, 7-8,17-19,191,

194-195, 196-197, 229
data sheets for, 207, 209, 210
difficulty in interpreting, 11, 17,

48,59, 72, 157-159, 190, 198,
2 1 8

economic stopping point for, 194
examples of, 7-8, 18-20, 51, 74,

144, 194, 204
explanation of, 7-8, 11, 17, 48,

157-159, 188-189
frequent defects on, 159
importance of, 11, 45, 48, 54, 56,

59,158-159,196,198
in engineering studies, 48-49, 50,

51, 54, 59, 62, 73, 157-159
instability on, 159, 167, 180, 194
interpretation of {See Interpreta

t ion)
levels on, 62,194, 228
lower limit for, 17,18,20,194^195
measurements for, 17, 18, 50,157,

203-204, 209
modified limits for, 196-197
overall, 48, 59, 159, 197
samples for, in the shop, 191
sample size for, 17,50,113,191
scales on, 17, 51, 53,159
sensitivity of, 11, 48-49, 59, 158,

1 5 9

stairstep limits for, 18-19
stratification on, 157,173
substitutes for, 11, 49-50, 113,

198, 218

symbols for, 17
tests for, when control limits are

unsymmetrical, 28, 182, 183,
1 9 1

theory of, 137,151
used for correlation, 144
used in designed experiments, 113
used in routine inspection, 262-

2 6 3
use of decimals in calculating,

18 ,20
uses in the shop, 62, 63, 64, 188-

189, 190, 194, 196-197, 204,
2 2 7

variations of, 11, 20-21, 49, 160,
189, 191, 198, 204

varying sample sizes for, 18, 191
where to use, 48-49,188-189,191

P e a k s
in a cycle, 69-70,161,162
in a distribution, 131, 136, 153,

155, 158, 162, 163, 165, 166,
169,170,173,174,176,179

Pearson, E. S., 275, 277
Peculiarities in a distribution, 16,

140-141, 156, 160, 161
Pencil and paper (in the shop), 215
People in the shop, 201, 202, 203,

217 {See Operators; Layout
operators; Machine setters;
Supervisors)

P e r c e n t

good, lost, spoiled etc., 11,17, 38,
48,157,189

of product rejected, 37, 46, 66, 71,
226, 227, 235, 237-239, 244-
246, 254-255, 264, 265 {See
DC Curves)

Percentage
as a measure of capability, 45, 48,

54, 56, 59,127, 157, 159, 194,
1 9 7

as a statistic, 137, 151, 196, 198
calculation of, 17, 18, 213
data, 5, 11, 17-20, 31, 48, 50, 54,

59, 113, 157, 183, 188-189,
191, 194,196-197, 198, 229

defective {See Percent defective)
determined by process capability

studies, 54, 56, 58-59, 71,
126-127, 235

differences in, 31, 159
for non-normal distribution, 30-31

56,59,134-136
for normal distribution, 30-31,54,

58-59, 132-133
from an 2 and R chart, 56, 58-

59, 126-127
from a p-chart, 56, 59, 157, 159
of defectives, 11, 17, 59, 157, 189,

235, 237-265
of dropouts, 38, 48, 189, 225, 227,

2 6 4
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Percentage, contirmed
of points out of control, 221-222,

2 2 6
of product outside of limits, 30-31,

64, 56, 58-59, 61, 64, 66, 71,
120-121, 127, 132-136, 189,
204, 225, 234r-235

P e r c e n t d e f e c t i v e
as an inspection requirement, 265
calculation of, 17, 18, 215, 229
in a process, 61, 63, 66, 71, 127,

2 3 5
in inspection, 39, 234-235, 237,

238, 239, 243, 254-255, 263-
2 6 5

in inspection planning, 244, 255,
264, 265

on ap-chart, 8,11, 59, 63, 74,157,
159, 189, 194, 215, 227

reduction of, 19, 31, 159,167,175,
178-179, 224-225, 233-235,
236, 265

related to operational sorting,
120, 121, 122, 235, 236, 265

P e r f o r m a n c e
as distinguished from capability,

45, 61, 66, 74,187-188
current, 39, 227, 264 {See Process

average)
of a machine, 16, 19, 66, 71, 83,

202, 203, 204
on shop charts, 65, 74, 194, 206,

2 1 2 - 2 1 3
in the past, 61, 65
study of, to keep shop charts up to

date, 74, 227, 228
{See Capability)

Performance studies, 34, 74, 187,
188, 227, 228

P e r i o d i c
adjustment of a process, 16, 67,

2 0 3
control chart audits, 227
disturbance in a process, 67, 150,

203-204 {See Overad jus t -
m e n t )

follow-up on audits, 227
patterns {See Cycles; Systematic

variables)
review of cost reduction cases, 224,

2 2 6
review of layouts, 227
review of progress, 33, 41, 226
selections from shop control

charts, 229
summaries of results, 33, 74, 221-

222, 226,228-229
Periods of trouble, 187, 202, 233,

246, 273
P e r m a n e n t

control of process, 62, 224, 226
cost reduction, obtained by con

trol charts, 36, 38, 226
effect of process changes, 62, 72,

2 2 8

file of charts, 228
location of process, 62, 121, 228
results of engineering work, 38,

61, 62, 63-64, 101, 112, 187,
2 2 0

Permissible average
as basis for choice of sampling

plans in inspection, 264
as basis for shop control charts,

64, 65, 193-194, 195-196,
1 9 6 - 1 9 7

Personal injury, 234
Personnel, changes in, 227 {See New

operators)
Physical

abnormalities, 52, 116-117, 163
209, 214, 268, 269

differences between units, 214,
2 6 8

laws, 6, 7
limits of materials, 57
measurements, 6

Piece parts
abnormal, 156, 214 {See Set-up

parts)
as a variable, 10, 31, 55, 64, 71,

167, 171, 196, 202, 212, 213,
215, 217, 220

difficulty in making, 15
ends or sides of, 90
needed for assembly, 220, 246,

2 6 0 - 2 6 1

positioning of {See Positioning)
positions on, 90 {See Taper; Out

o f r o u n d ; P o s i t i o n a l v a r i
ability)

quality of, 37, 39, 47, 64, 71-72,
155, 169, 175, 180, 202, 217,
219, 220, 264

specifications for, 119
suppliers of, 174, 207, 260

Piece rates, 203, 260, 263
{See Efficiency; Wage incentives)

Pileup of metal, 209
Pillars, walls etc., 192
Hlot runs, 46,76-77,91-92,220
Pin projection, 123
Pipes, 192
Planned experiments, 76^77

{See Designed experiments)
Planning

for a process capability study,
46-51, 66

for inqjection, 233-236, 263, 264-
265, 273, 274

for process control, 61, 62,63-65,
187-199, 265

of quality control program, 33,
39-41,223-226

of shop charts, 36-38,40-41,187-
189, 190, 192, 223-224

Plate current, ̂ 9
Plates (for assembly, lapping etc.),

167, 212

Plating
as a variable, 4, 35, 37,152,156
solutions for, 23,153,178
thickness of, 91, 93, 100, 101
{See Chemical operations)

Platykurtic distributions
{See Symmetrical non-normal dis

tributions)
Play (in a fixture etc.), 55, 69, 155,

162, 167, 180, 219, 235
Plotting

diagrams for, 99,108,109
errors in, 163, 166, 180, 219, 227,

2 2 8 - 2 2 9

guides for, in an experiment, 99,
1 0 9

of charts used by inspectors, 39,
262-263,270, 274

of control charts m general, 5-6,
13-14, 18-19, 20, 21,22,143-
144,145,149

of designed experiments, 82-83,
84-85, 87-88, 97, 98-100,
107-111, 116-117, 229

of process capability studies, 51-
52,53,66-72,72-73

of shop charts, 190, 192, 197, 201,
208-209, 213, 214-216, 219,
223, 227, 228-229

of verification samples on shop
charts, 274

order of, in a designed experi
ment, 84r-85,99,109

Plotting guides
for use by statistical clerks, 229
for use in designed experiments,

99, 108, 109
Plus or minus tolerances, 119,122,

2 0 2
{See Limits)

P o i n t s
calculation of, for an experiment,

85^86, 108-109
considered as part of a statistical

pattern, 24, 149, 175, 176,
177, 274

for selecting samples, 51,190-192,
207, 227, 267

out of control, 70, 71, 212, 213,
221-222, 226, 227

plotted by inspectors on shop
charts, 274

plotting of, on control charts {See
Plotting)

Point-to-point correlation, 16, 29,
60-70,156,176-177

Poisson distribution, 239-240, 242,
252, 277

Pole piece assembly, 125
Pooling

of effects with residual, 96-97,106
of job knowledge {See Quality con

trol teams)
of residual, 9fr-97,106,110-111

3 0 8



Population, 137
(See Parent distribution)

Positional variability, 89-90
Positioning of parts, 69, 167, 175.

176, 180, 213
P o s i t i o n s

on a machine, 65, 70, 151, 161,
172, 176, 207

on a part, 90
P o s i t i v e

correlation (See Correlation)
skewness (See Skewness)
stop on a machine, 57

Possible causes, 69, 161-180, 218-
2 1 9

P o t e n t i a l
effects in an experiment, 95-97,

9 8
electrical, 164
improvement, 35^36, 54^56, 66-

71, 76, 120-121, 220, 226
Powder, 189
P o w e r

in the hands of Inspection, 273,
2 7 4

of a control chart, 9, 11, 61, 83-
84, 141, 149 (See Sensitivity)

of a designed experiment, 76, 112
of an instrument, 87,88,89
of a sampling plan, 242, 246
output, 164, 177
supply, 48

Practical wisdom, 40, 64, 114, 219
(See Job knowledge)

P r a c t i c e s
of Inspection, 233-236, 264-265,

267-271, 273-274
of Inspection (affecting Operat

ing), 236, 246, 254-255, 263,
2 6 5

questionable, 45,61,73
P r e c i s i o n

in detecting out-of-control condi
tions, 11, 47, 48, 160, 161,
165, 189

of control limits, 52,100,107,109,
161

of tests for unnatural patterns,
1 8 0 - 1 8 3

Precision of measurement, 49, 50,
61, 62,75, 84-91,113

(See Error, Compare with ac
curacy of measurement)

Pred ic tab i l i ty
as one of the concepts associated

with a natural pattern, 59-61,
150, 170-171

of a distribution, 6-7, 141
of a process, 34, 35,36,45^-46,53-

54, 64, 71
of points on a control chart, 7, 24,

149,161,175,176
of results, 40, 53-54, 61-63, 71,

194

P r e d i c t i o n s
engineering, 34, 35, 36, 38, 46-

47, 50, 53-56, 59-61, 62, 63-
64, 71, 73, 91, 101, 112, 122,
125-127, 236, 244, 265, 274

from an imnatural pattern, 35,
54-56, 59-61, 194

should properly be based on a
natural pattern, 36, 53-54,
59-61,149-150,170,171

statistical, 7,24,149-150,170-171
(>S€6 Allowances; Forecasts; Esti

mates; Standards)
Pressures

due to work loads, 227
for production, 73,155
of gas etc., considered as a process

variable, 6, 11, 21, 114, 164,
1 8 9

P r e v e n t i o n
of defects, 37-38,233,265
of shop troubles, 33-34, 36-38,

187, 202-206
Previous knowledge

contradicted, 10,68,76
needed for interpreting patterns

(See Job knowledge)
reconciled with results, 77,218

P r i d e
in improvement of job, 202, 203,

223, 226
of operators, in control charts, 203

Prior operations
(See Early operations)

P r o b a b i l i t i e s
associated with multiple tests, 25

(footnote), 180-183
assoc ia ted w i th norma l d is t r i

bution, 31, 132-133, 181
associated with 12 charts, 137,151,

181, 182
associated with sampling plans,

38, 237-242
associated with skewed distribu

tions 135-136,183
associated with various control

chart tests, 1^
associated with X charts, 137-

138, 151, 180-182
Binomial, 183, 239, 242, 252, 278
calculation of, in control chart

tests, 180-183
for ranges of samples of 2: 181-

183
Hypergeometric, 239, 242
Poisson, 183, 239-242,252
tables of, 239, 242, 277, 278
used in tests for unnatural pat

terns, 25, 25 (footnote), 181,
1 8 3

Probab i l i t y
limits (See Statistical limits)
paper, 79,133
theory of, 237,239-240

Probability of acceptance
calculation of, 239-242
examples of, 237-238, 240-242,

2 4 4 - 2 4 5

explanation of, 237-238, 240, 244-
2 4 5

for other than single sampling
plans, 242

Probability of rejection, 239, 240,
2 4 4 - 2 4 5

P r o b l e m s
engineering (See Engineering

problems)
isolated, 15, 19, 33, 66, 72, 125-

127, 143-146, 187-189, 203-
2 0 6

lists of, 3, 10, 33, 34, 46-47, 112,
114, 187

shop (See Operating organization,
problems of)

solved by process capability
studies, 4, 10, 34, 36, 46, 47,
63, 66-72, 72-73, 75-76, 112,
187-188, 220, 235, 265

solved by quality control pro
gram, 3,4,5,10,33,34,35,38,
46-47, 75, 77, 187, 233-236,
265, 273-274

solved by shop charts, 10, 16, 19,
36-38,62, 64r-65, 71-72,187-
189, 202-206, 220, 221, 223-
226, 235, 265

solved by studying E chart, 66-68
P r o c e d u r e s

as a variable, 61, 114, 158, 162,
167, 171, 178, 180, 218-219,
224, 227

in designed experiments, 78-81,
82-83, 84, 85-89, 91-92, 93-
97,97-101, 107-112, 112-117

in process capability studies, 36,
41, 45, 47-63, 63-65, 66-72,
74, 75, 112, 220, 228

in process checking, 41, 190-192,
201, 205-216, 217, 223, 227-
2 2 9

in sampling inspection, 267-271
in setting up shop charts, 64, 65,

190-192, 209
unsystematic, 171, 180

P r o c e s s
action on, in a process capability

study, 36,61-63,66-72
adjustment of, 30, 37, 67, 153,

188, 202, 203-204, 265
centering of, 30, 62, 64r-65, 120-

121,167,170,188, 202, 220
changes in (See Changes)
checked for unstable mixtures,

68, 166
compared to 00 curve, 244, 255,

264, 265
control of, 217, 226 (See Process

control)
definition of, 3-4, 45

3 0 9



Process, continued
drift of, 67,90,153,175
fluctuations of {See Fluctuations)
immediate check on, 37,190, 212-

213, 217
improvement of {See Improve

ment)
manually controlled, 3, 16, 30,

57, 70, 72-73, 219, 221, 235,
265 {See Manual operations)

new knowledge of, from un
natural patterns, 35, 36-37,
54-56,159,161-180,221

optimum level for, 37, 62, 64,
120-121,188,193,264-265

permanent changes in, 62, 72,
2 2 8

predictability of, 34, 35, 36, 45-
46, 53-54, 64, 71

relation of, to specification, 13-14,
16, 30-31, 34, 35, 46,48, 53-
54, 58-59,61-65, 66,71,119-
122, 124, 125, 127, 140, 151,
157, 158, 160-161, 170, 187-
189, 195-196, 198-199, 204-
206, 219,220,223, 224, 226

spread of {See Natural spread of
a process; Process spread)

stability of {See Stability)
where checked, in the shop, 51,

151, 190-192, 207 Early
operations)

{See Processes)
Process average

as basis for choosing sampling
plans, 244, 245, 250-253, 264,
2 6 5

as basis for estimating costs, 245-
246, 265

as basis for evaluating product of
suppliers, 39

as basis for minimizing inspection,
39, 246, 250, 252, 253, 273-
2 7 4

as used in Dodge-Romig tables,
250, 253, 254, 255

Process capability
approach to, 36, 47, 63, 64, 71, 73,

74,83
as used in the shop, 65, 187, 202,

203-204, 217,221-222
compared with specification, 61-

65, 71, 119-122, 124, 125-
126, 127, 195

definition of, 34,35,36,45,47
dependent on a natural pattern,

35, 53, 56, 59-61, 141
evidence of, 36, 63, 71, 149-152,

1 7 0 - 1 7 1

importance of, 34-36, 45-47, 53-
54, 56, 76, 112

long-term, 61, 64, 196-197

meaning of, 4, 34-36, 45, 56, 61,
71, 74, 75-76, 122, 131,149-
152, 170-171, 234-236, 244,
246,264-265

numerical estimates of, 45,56,58-
59,71,73,127,235

related to OC curve, 244-245,255,
2 6 4 - 2 6 5

related to operational sorting, 120,
121,235,265

satisfactory and unsatisfactory,
34-35, 45^7, 61-63, 71, 121,
1 2 2

short-term, 61, 64
shown by natural patterns, 53-54,

59-61, 71,122,125-127, 170-
171

two ways of expressing, 45, 56
use of, in engineering, 34-36, 45-

47, 61-65,119-127,145, 224-
2 2 6

use of, in inspection, 234-236,
244, 246, 250, 252, 253, 255,
2 6 4 - 2 6 5

wrong estimates of, 60-61, 141
Process capability studies vii, 4, 28,

34-36, 38, 40, 41, 45-74, 75-
76, 112, 113, 116, 119-122,
125-127, 187, 195, 199, 219,
220, 223, 228, 235, 265

abnormal data found in, 49, 52-
53, 61, 62,116-117

action based on, 61-63, 67-72, 73,
235, 255, 265

advantages of {See Advantages)
amount of data in, 28, 47,50-51,

61, 62, 63-64, 66-72
analysis of, 47, 51-63, 66-73
as proper basis for sampling in

spection, 36, 235, 244, 246,
250, 252, 253, 255, 264-265

as proper basis for shop control
charts, 33-34, 36, 38, 40-41,
45, 62, 63-65, 71-72, 187,
193-195, 199

as related to operational sorting,
120,121,122, 235, 265

assignable causes in {See Assign
able causes)

average of long period not a sub
stitute for, 61

characteristics plotted in, 47, 66,
7 2

collection of data for, 36, 41, 47-
51, 55, 62, 63-64, 66, 67, 74,
223, 228

complex patterns in, 54-56, 66,
6 7 - 7 3

complexity of, 36, 45, 47, 63, 72
conclusions from {See Conclu

sions)
control limits for, 51-52, 53
covering entire jobs, 224-225
data for {See Collection of data)

decisions in, 47-53,66,72
definition of, 3-4, 34, 36, 45-46
description of, 35-36,47,75,76
distribution not a substitute for,

16,61,141
economic basis of, 34-36, 45-47,

61-63,265
effect of skewness on, 56-58, 61,

1 2 2
elimination of variables in, 55,

66, 67, 68
end of, 36, 47, 63, 66, 71
examples of, 66-72,72-73
for cost reduction, 34-36, 41, 46,

62, 64, 71, 223-224, 225-226,
228, 235, 265

for process improvement, 4, 34,
35, 36, 41, 46-47, 62, 63-65,
66-72,120-121,235,265

growing out of shop charts, 40,
199, 223, 228

identification of data for, 49, 51,
52, 53,54-56, 72-73, 76

ignoring patterns in, 66, 91, 153
importance of, vii, 4, 33-34, 34-

36, 38, 40, 41, 45-46, 61-
63, 120-121, 125-127, 187,
223, 225-226, 235, 244, 246,
2 6 5

importance of R chart in, 55, 66,
67,68( iSec i2Char t )

inflated patterns in, 55, 66, 67,
168, 173

i n s t r u c t i o n s f o r c o l l e c t i o n o f d a t a
in, 49, 66, 67, 223, 228

interpretation of, when patterns
are in control, 53-54, 56, 61-
63, 71-72

interpretation of, when patterns
are not in control, 54-56, 59-
61, 66-71, 72-73, 189 {See
also appropriate portions of
pages 149-180)

introduction of shop chart before
study is completed, 36, 63-
64, 71-72, 74, 188, 198-199,
221, 228

knowledge needed in, 38, 40,
54-56, 66, 67, 71, 72, 75, 112,
2 2 0

leading to the need for other
studies, 34-35,36,40-41,45-
47,63,83,223,228

leading to the need for shop charts
36, 40-41, 45, 62, 63-65, 66-
72, 187, 188

length of, 34-35,47,63,66, 72
long and short term est imates

from, 61,64
made by a Quality Control Team,

40, 41, 45, 66, 74, 220, 223,
2 2 8

new, as needed, 40-41, 62, 65,
190,194, 199, 220,223, 228

3 1 0



notes recorded in, 49, 51, 53, 66,
67, 70, 71

number of samples in, 66
numerical estimates from, 56,

58-59, 71, 72, 122, 127
objectives of, 34, 45-47, 66, 159,

187,235
plans for, 46-51,66
plotting of, 51-52, 53, 66-72, 72-

7 3
point of collection of data for, 49,

51,151, 187
precediig a designed experiment,

36, 75, 76, 90, 91, 114
problems solved by {See Prob

lems)
procedures for {See Procedures)
relation of, to designed experi

ments, 4, 34, 36, 41, 55-56,
63, 75-76, 77, 83, 90, 91,112,
114, 120, 121, 218, 220-221,
2 2 4

results from, 61-65, 71-72, 112,
2 2 0

sample size in, 50,66,72
scales for, 51
selection of samples for, 49, 51,

66, 72
simplification of patterns in, 54-

56,66-73
standards and allowances based

on, 34, 35, 36, 38, 45-46, 53-
54,56-59, 60-61,62-65,119-
122, 125-127, 203, 224, 235,
255, 26^265

study of patterns in, 35-36, 53-56,
59-61, 66-73,149-180

substitutes for, 36, 61, 74, 131,
141,187-188,228

terminating with a natural pat
tern, 53-54, 61-63terminating an uMati^
pattern, 54-56,

theoretical basis of, 34, 35-36,47,
53-56, 75-76,149-152

time covered by, 63,66,72
uninterpretable patterns in (See

P a t t e r n s ) . aused as substitute for a dê
experiment, 75, 76, 112,used for determinmg desired̂
tribution in the shop, 36-37,
63-65,190,193-195

used in design and developmê ,
4,10,34-36,38,46-47,52, M,
60-61, 62-63, 75-77, m,119-122, 140-141, 145, 220,
224, 226

used to decide on economic center-
lines, 64,192, 193-195

use of shop chart m
tion of the study, 19-M, 36,
Qft 4.0 62. 64, 65, 72, 74,
188, 194, 198-199, 203-206,
220,221,223,228,265

using attributes data, 48-49, 50,
53, 54, 56, 59, 66, 72-73, 74,
1 4 4

using c-charts, 49, 66, 72-73
using p-charts, 19-20, 45, 48-49,

50, 51, 53, 54, 59, 61-63, 73,
74,194

using semi-variables data, 49-50,
11 3

using variables data, 15-16,48,50,
51, 53-54, 56-61, 61-63, 66-
72, 119-127

using work sampling, 50
using ̂  and R charts, 48, 50, 51,

53-56, 56-59, 59-61, 61-63,
64-65, 66-72, 83, 119-122,
1 2 5 - 1 2 7

Process checkers

appointment of, 192, 201, 223
definition of, 213
duties of, 198, 205-211, 213-216,

217, 227-229
training of, 41,159,171,172,192,

201,213, 215-216, 219, 223
Process control

administration of (See Adminis
t ra t ion )

breakdown of, 233,273,274
confidence in, by Inspection, 273-

2 7 4
cost of, 36,38, 225-226
effect of, on choice of samplmg

plans, 273-274
general instruction for, 201, 205-

209, 213, 215
importance of, 36-38, 62, 9̂ 5,

187,220, 225-226,265, 274
layouts for (See Layouts)
objectives of, 36-38, 187, 202
planning of, 187-199,
relation of, to

39, 187, 202, 233-236, 244,
246,262-263,265,̂ 4responsibility for, to, 4, 10, 36-38, 39-41, 45, 62, 63-̂ 5, 67,
68-70, 77, 83, 101, IM, m,125-126, 187-199, 201-M9,
233-234, 236, 246, 261, 263,
265,274

restoration of, after trouble, 246,

226, 265
(See Process control charte; Layouts; Quality control teatM)

Process control39-41, 62, 63̂ 5, 74 12̂
126. 155, 158, 164,178, lo7
229, 233-234, 235,265, 268,
2 7 4 . ^

action on {See Action)
advantages of Advwtages)
appearance of, 192, 216
as basis for Minimum Inspection

plans, 273-274

assignable causes on, 25 (foot
note), 189,212-213,217,218-
2 1 9

audits of, 38, 41, 198-199, 219,
223, 227, 268, 274

based on nature of operation or
characteristic, 188

based on performance studies, 74,
187-188, 227, 228

based on process capability stud
ies, 33-34, 36, 38, 40-41, 45,
62, 63-65, 71-72, 187, 193-
195,199

basis for starting, 45, 63-65, 72,
74,187-188, 223

calculations for, 191,195-197,201,
208, 209, 210, 213, 214r-215,
219,227

centerlines for {See Centerlines)
changes in {See Changes )
collection of data for {See Collec

tion of data)
compared with designed experi

ments, 38, 77, 187, 219, 220
compared with process capability

studies, 38, 63, 65, 74, 77,
187,188,219,220,221

continuous checks on, 38,41,198-
199,219,223,227, 228

control limits for {See Control
l imi ts )

cost of, 38, 189, 190-192,199,223,
2 2 5 - 2 2 6

definition of, 36
degree of control on, 220-222
design of, 63-65, 189-197, 198-

W9, 211, 219, 223,227-229
difficulty in using, 17, 59, 159,

189-190,197,199,218-219
durability of, 192effect of, 37-38, 62, M, W5, Ig,

167, 177, 178, 187, 226, 233,
2 3 5 , 2 6 5 _ , .

effectiveness of {See Results)
example of, based on process

capability study, 63-65
experimental uses for, 38, 7 ,holders for, 192,228 « .g 30
importance of, 4, 10, 1 , » '37-38,39, 40-41,45, 62, 6564 77. 125-126, 127, 187,

190, 202-206, 217, 218, 220,
223-224,225-226,265,274

187, 226, 233,̂5, 265in format ion |o2
38, 64, 71-72, 159, 190, 202,

instSon'of (See
interpretation of (See Interpr
introduction of, in the shop, ̂

41, 62, 63-«5. 72, 187-192,
201-216, 223



225, 226
Quality control program

2 2 4 - 2 2 6 . . „ o 4 4 \

-•"SI'""" »™'®' ®" '
,o»Son.o»».l«tarl..™.4. '
inBtâfttion of, 33-3i, ff
meaning of, 33 ̂  . .rj ̂ 3-41,

7f\ 11 119 122,125-126,169,
IsV-l'sQ, 201-203, 217-226,
233-236, 273-274

TP«iultsof 10,34-36, 36-38,46-47,
83, 87-89, 100-101,

112, 125-126, 187-189, 201
206, 225-226, 235, 265

three years oldj 225
training for, vii, 23, 33, 97

Quality control reports
(See Progress reports)

Quality control teams
cost reduction by, 33, 41, 71,

2 2 3 - 2 2 6 .
duty to eliminate operational

sorting, 122,235,236,265
duty to evaluate inspection pro

cedures, 223-224, 236
encouragement of, vii, 33, 40, 41,

224-226, 227
functions of, vii, 33, 34, 36, 38,

39-41,64,66,75-76,112-117,
183, 187, 189-190, 191, 192,
197, 198-199, 201-202, 213,
218-219, 220-222, 223-229,
236, 265

how started, 33
importance of, vii, 40, 45, 75,187,

189, 190-192, 198-199, 219,
220,223-226, 236

knowledge needed by, 40, 54-56,
66, 67, 71, 75-77, 112, 198-
199, 218-219, 220, 223-224

meetings of, 33, 39-41, 201-202,
218, 219, 223-224, 226,236

members of, 33, 36, 39-40, 201-
202, 213,223,226, 236

objectives of, 33,39-41,45-47,66,
75, 187, 223-226, 236, 274

process capability studies made
by, 36, 40, 41, 46, 66-72,74,
220,223,228

reports of, 33, 40, 41, 224, 225-
226,229

responsible for inspection, 223-

" f n i l s .223-224, g7,̂̂ 229̂3, 236
•SSV vii, 23,33,97

Quality control trammg
(See Training)

Quality leveU

used̂to inspection, 39, 237-238,244 247, 248, 249, 250, 2W,
2M, 255, 258, 263-265, 273-
2 7 4

used in quality rating, 270,273
TourST of AOQL's for Final

Inspection, 264, 273
as source of formation to m-

spection planning, 263, 264,
2 7 3

may be affected by too large a
Consumer's Risk, 246

Quality rating, 197, 226, 246, 264,
270,273

{See Quality Assurance)
Quality record of suppliers, 39, 264
Quality requirements, 254, 264, 270
Quality standards

effect of costs on, 244, 246, 255,
265, 273

expressed as AOQL, 264, 265, 273
, used in inspection, 264r-265, 268,

2 7 3 - 2 7 4
used in quality rating, 264, 270,

2 7 3

(See Quality levels )
Quantity

as an objective in a quality con
trol program, 10, 33, 36-38,
71, 202, 203, 226

constant, for a c-chart, 20,191
of product out of limits, 37, 46,

58-59, 66, 71, 121-122, 160,
189, 204-206, 254

of product used in sample, 17, 20,
21, 50-51,66,113,191

(See Output)
Quarterly summary, of control chart

audits, 227
Quartile range, 198

2 1 8

Quincunx, 202

periment, 97, Uo, i , j ^eJolto of, to » f^
and R chart, 12,14

Radar system, 4,20,21,1

1 7 0

points on a control 24.149,170, 175, 176,177, 181-182,
274

variation, compared with residual,
103

(See Randomness) ̂  ̂
Random fluctuations, 5-7,

103,149,156, 161, 173, 175,
176, 203, 237-238

(See Fluctuations)
Randomizing measurements in an

experiment, 93,113,114-116
Randomness

in a pattern on a control chart,
5-6, 7, 9, 24,149, 161, 173,
175,176

in control chart theory, 5-7, 24,
149,150-151, 170

in process control, 151, 192, 207,
2 1 4 /

in sampling inspection, 173, 239, ̂
257, 260, 261, 262, 267-268,/2 7 0 /

(See also Randomizing; SeW
tion of samples; Unbias/
samples; Rational
groups; Random flû
tions; Random numbed"Random order" sampling /
r t o o /

Random samples, 68, 156, /
239, 260, 261, 262, f

(See Unbiased samples)/
R a n g e s . 1 3 1 ,

calculation of, 11, V
1 6 2 , 2 1 3 4 x p e r i -

chart for, in a de^
ment, 98,108/-8quare

compared with i/
deviation, f

3 1 4



notes recorded in, 49, 51, 53, 66,
67, 70, 71

number of samples in, 66
numerical estimates from, 56,

58-59, 71, 72, 122, 127
objectives of, 34, 45-47, 66, 159,

187,235
plans for, 46-51,66
plotting of, 51-52, 53, 66-72, 72-

7 3

point of collection of data for, 49,
51,151,187

preceding a designed experiment,
36, 75, 76, 90, 91, 114

problems solved by {See Prob
lems)

procedures for {See Procedures)
relation of, to designed experi

ments, 4, 34, 36, 41, 55-56,
63, 75-76, 77, 83, 90, 91,112,
114, 120, 121, 218, 220-221,
2 2 4

results from, 61-65, 71-72, 112,
2 2 0

sample size in, 50, 66,72
scales for, 51
selection of samples for, 49, 51,

66 ,72
simplification of patterns in, 54-

56,66-73
standards and allowances based

on, 34, 35, 36, 38, 45-46, 53-
54, 56-59, 60-61,62-65,119-
122, 125-127, 203, 224, 235,
255, 264-265

study of patterns in, 35-36, 53-56,
59-61, 66-73, 149-180

substitutes for, 36, 61, 74, 131,
141,187-188, 228

terminat ing with a natural pat
tern, 53-54, 61-63

te rm ina t i ng w i th an unna tu ra l
pattern, 54-56, 59-61, 63-64

theoretical basis of, 34, 35-36,47,
53-56, 75-76,149-152

time covered by, 63, 66, 72
uninterpretable patterns in {See

Patterns)
used as substitute for a designed

experiment, 75, 76, 112, 220
used for determining desired dis

tribution in the shop, 36-37,
63-65, 190, 193-195

used in design and development,
4 , 1 0 , 3 4 - 3 6 , 3 8 , 4 6 ^ 7 , 5 2 , 5 4 ,
60-61, 62-63, 75-77, 114,
119-122, 140-141, 145, 220,
224, 226

used to decide on economic center-
lines, 64, 192, 193-195

use of shop chart as a continua
tion of the study, 19-20, 36,
38, 40, 62, 64, 65, 72, 74,
188, 194, 198-199, 203-206,
220,221, 223, 228,265

using attributes data, 48-49, 50,
53, 54, 56, 59, 66, 72-73, 74,
1 4 4

using c-charts, 49, 66, 72-73
using p-charts, 19-20, 45, 48-49,

50, 51, 53, 54, 59, 61-63, 73,
74,194

using semi-variables data, 49-50,
11 3

using variables data, 15-16,48,50,
51, 53-54, 56-61, 61-63, 66-
72, 119-127

using work sampling, 50
using X and R charts, 48, 50, 51,

53-56, 56-59, 59-61, 61-63,
64-65, 66-72, 83, 119-122,
1 2 5 - 1 2 7

Process checkers
appointment of, 192, 201, 223
definition of, 213
duties of, 198, 205-211, 213-216,

217, 227-229
training of, 41, 159, 171, 172, 192,

201, 213, 215-216, 219, 223
P r o c e s s c o n t r o l

administration of {See Adminis
t ra t ion )

breakdown of, 233,273,274
confidence in, by Inspection, 273-

2 7 4
cost of, 36, 38, 225-226
effect of, on choice of sampling

plans, 273-274
general instruction for, 201, 205-

209, 213, 215
importance of, 36-38, 62, 64-65,

187, 220, 225-226, 265, 274
layouts for {See Layouts)
objectives of, 36-38, 187, 202
planning of, 187-199, 201-209
relation of, to inspection, 37, 38-

39, 187, 202, 233-236, 244,
246,262-263,265,274

responsibility for, vii, 4, 10, 36-
38, 39-41, 45, 62, 63-65, 67,
68-70, 77, 83, 101, 120, 121,
125-126, 187-199, 201-229,
233-234, 236, 246, 261, 263,
265, 274

restoration of, after trouble, 246,
263,273,274

savings from, 10, 38, 62, 71, 225-
226, 265

(/See Process control charts; Lay
outs; Quality control teams)

Process control charts, vii, 4, 36-38,
39-41, 62, 63-65, 74, 125-
126, 155, 158, 164, 178, 187-
229, 233-234, 235,265, 268,
2 7 4

action on {See Action)
advantages of {See Advantages)
appearance of, 192, 216
as basis for Minimum Inspection

plans, 273-274

assignable causes on, 25 (foot
note), 189,212-213,217,218-
2 1 9

audits of, 38, 41, 198-199, 219,
223, 227, 268, 274

based on nature of operation or
characteristic, 188

based on performance studies, 74,
187-188, 227, 228

based on process capability stud
ies, 33-34, 36, 38, 40-41, 45,
62, 63-65, 71-72, 187, 193-
195,199

basis for starting, 45, 63-65, 72,
74,187-188, 223

calculations for, 191,195-197,201,
208, 209, 210, 213, 214r-215,
219,227

centerlines for {See Centerlines)
changes in {See Changes )
collection of data for {See Collec

tion of data)
compared with designed experi

ments, 38, 77, 187, 219, 220
compared with process capability

studies, 38, 63, 65, 74, 77,
187,188,219,220, 221

continuous checks on, 38,41,198-
199,219,223,227,228

control limits for {See Control
l imi ts )

cost of, 38,189,190-192,199,223,
2 2 5 - 2 2 6

definition of, 36
degree of control on, 220-222
design of, 63-65, 189-197, 198-

199, 211, 219, 223, 227-229
difficulty in using, 17, 59, 159,

189-190,197,199,218-219
durability of, 192
effect of, 37-38, 62, 64, 155, 164,

167, 177, 178, 187, 226, 233,
235,265

effectiveness of {See Results)
example of, based on process

capability study, 63-65
experimental uses for, 38, 77, 220
holders for, 192, 228
importance of, 4, 10, 16, 19, 36,

37-38, 39, 40-41, 45, 62, 63-
64, 77, 125-126, 127, 187,
190, 202-206, 217, 218, 220,
223-224,225-226, 265,274

improvement due to, 37-38, 62,
64, 155, 164, 167, 177, 178,
187, 226, 233, 235, 265

information contr ibuted by, 37-
38, 64, 71-72, 159, 190, 202,
219, 221

installation of {See Installation)
interpretation of {See Interpreta

t ion)
introduction of, in the shop, 39-

41, 62, 63-65, 72, 187-192,
201-216, 223

3 1 1



Process control charts, continued
layouts for (See Layouts)
marking of, 25 (footnote), 192,

194r-195, 208-209, 212-213,
215, 217, 218, 221, 227, 229
(See Marking a;'s)

modification of (See Changes)
mounting of, 192,228
need for, 31, 36—38, 62, 63-64,

187-189, 202, 217, 219, 220,
221, 233, 235, 265, 274

notes on, 206, 208, 209, 212, 213,
215,217,218,221,227

not required on certain opera
tions, 190, 224

number of, 34, 38, 41, 72, 187,
189, 190, 199, 219, 223-225,
226,227

objectives of Objectives)
philosophy of, 36-38,187,201-202
planning for (See Planning)
plotting of (See Plotting)
points out of control on 212, 213,

221-222, 226, 227
preservation, 192, 207, 228-229
problems solved by (See Prob

lems)
records of, 228-229
removal of, 38, 41, 189, 199, 223,

2 2 7

reports on, 189, 224-225, 225-226
responsibilities for, 36, 38, 39-

41, 45, 62, 63-65, 187, 188,
189-190, 192, 194, 199, 201-
202, 203-204, 207-209, 212,
213-216, 217-219, 221, 223-
2 2 9

results of, 10, 38, 202, 203-2D6,
225-226, 233, 235, 265 (See
Results)

review of, 38, 41, 189-190, 198-
199, 218-219, 223, 227

revision of (See Changes)
routines associated with, 38, 40-

41, 64, 65, 190-192, 205-211,
213-219, 223-224, 227-229

samples for (See Samples)
saving due to, 10, 36-38, 46, 62,

63, 71, 187, 225-226, 235,
2 6 5

scales for, 13, 17, 65, 190, 199,
214-215, 228, 229

separation of, for better analysis,
159, 190, 199

storage of, 192, 207, 228-229
study of, by Quality control

team, 38, 39-41, 74,198-199,
217-219, 223, 225-226, 228-
2 2 9

theoretical basis for, 37-38
types of, 34,38,188-189,197-198,

225, 227

usability of, 190, 192, 199, 214-
215, 219, 228

used as substitute for designed
experiment, 77, 220

used as substitute for process
capability study, 19-20, 36,
38,63-64,71-72,74,188,194,
198-199, 203-206, 218-219,
221, 223, 228, 265

used for checking trial and error
methods, 77

used for cost reduction, 10, 36,
38, 41, 62, 64, 72, 187-189,
199, 224-226, 265

use of, by operators, 4, 155, 158,
164, 167, 177, 178, 188, 203,
204, 221, 235, 265

ar's on (See Marking x's)
Process control layouts

(See Layouts)
Process elements (as potential as

signable causes), 35, 36, 53,
54-56, 114, 155, 158, 164,
166, 176, 218-219

Processes

developed through process capa
bility studies, 34,46,47, 76

existing, 34, 54, 66-72, 72-73, 226
improvement of (See Improve

ment)
new, 34, 47, 226
stabUity of, 33, 34, 36, 38, 187,

220, 246
Process information (from control

charts), 35, 54, 66-72, 159,
202, 217-219, 220, 221

Processing
of material, 158, 218
time required for, 218,223
variables, 4, 47, 48, 54, 114, 218

Process spread
affected by a systematic vari

able, 176
affected by change in level, 165,

1 7 8
affected by cycles, 162
affected by instability, 72-73,166,

1 7 9
affected by interaction, 168
affected by stratification, 173
compared with specifications, 13-

14, 30-31, 58-59, 62, 71,119-
122, 125-127, 140-141, 151,
195, 205, 224

estimated from an R chart, 53-54,
56, 58, 62, 71, 119,131, 154-
156,168,170,195,196

estimated from a process capa-
biUty study, 53, 56, 5^59,
61, 62, 122, 195

excessive, 61, 62,121,196

for a non-normal distribution, 56,
59, 61, 122,134r-136,161, 196

for a normal (hstribution, 30-31,
56, 58, 61-62, 122, 131-133,
1 9 5

illustrated by distributions in the
shop, 15,37,139-141

in correlation, 144, 145
long-term, 61, 64,122
measures of, 9, 129-131 (See

Standard deviation)
of assemblies, 122-127
reduction of, through process

capability studies, 71, 73,
120, 121

related to spread of sampling
distribution, 138

short-term, 45, 61, 64, 151 -152
studied on a shop chart, 63
theoretical background for, 151-

152, 170-171
(See Process capability; Natural

spread of a process)
Process trouble vs. specificat ion

trouble, 122, 204-206
P r o c e s s v a r i a b l e s

effect of, 35, 37-38, 5^56, 66-69,
76, 114, 166, 167-169, 212-
213, 217-219, 220

informat ion on, f rom unnatura l
patterns, 11, 33, 35-36, 37,
54-56, 66-73, 83, 150-151,
159, 221

related to cycles, 69-70,161
P r o c e s s v a r i a t i o n

analyzed in a designed experi
ment, 75-76, 78-80, 81, 82-
83, 87-89, 93-101

analyzed in a process capability
study, 35-36, 45-46, 53-56,
58, 59-61, 62, 66-73, 75-76,
83, 120-122, 125-127

as a form of interaction, 168-169
explanation of, 5-7, 35, 187-188
natural, 9, 35-36, 37-38, 45-46,

53-54, 56-59, 59-61, 63,119-
122, 131, 141, 151-152, 156,
170 -171

reflected on a shop control chart,
1 8 7 - 1 8 8

unnatural, 6, 9, 34, 35-36, 37-38,
45, 53, 54-56, 59-61, 141,
1 5 0 - 1 5 1

(See Process spread)
Producer's risk, 244-246, 254-255
P r o d u c t

accumulation of, 167, 246, 260-
2 6 2

distribution of (See Distributions)
flow of, 246, 260
handling of, 38,156,163,246, 260-

261, 263, 265
identification of, 209, 218, 261,

2 7 0

3 1 2



improvement of, 16, 19, 72, 83,
101, 112, 121, 187, 220, 233,
2 6 5

inspection of, after completion,
264, 270, 273-274

junking of, 254, 269
knowledge about, 10, 33, 46, 76,

2 0 2
meeting specification, 61-63, 71,

120, 126, 206
normal (See Normal product)
o f "n "x V ' , 191 ,240 ,241
out of limits, 37, 46, 54, 56, 66,

71, 121, 160, 189, 204-206,
254 (See Percentage)

rejected by Inspection, 37, 38, 66,
165, 217, 226, 246, 254-255,
260, 261, 262, 263, 265, 273

rejected under AOQL sampling
plan, 249-251, 252, 254, 255,
257, 263, 265, 273

reliability of, 71-72
requiring detailing, 46, 120-121,

226, 233-236, 246, 254-255,
256-257, 263, 265

return of, to supplier, 254, 261
shipped, 246, 264, 270, 273
skewness in, 57-58, 69, 70
types of, on a control chart, 160
undesirable, 217,262
variations in treatment of, 155
very good or very bad, 163, 167,

173, 180, 190
Product engineers

areas of work for, 33, 34-36, 38,
39-41, 66-72, 74, 83, 84-87,
91-117, 119-127, 187-192,
198-199, 212, 213, 220, 221-
222, 223-226, 235, 236, 244,
246, 254-255, 260-263, 273-
2 7 4

contributions of, 33, 39-41, 201-
202, 223-226, 236, 265

responsibilities of, 4, 34-36, 38,
45-46, 61-63, 63-65, 75-77,
112-117, 143-146, 149, 204-
205, 209, 227-229, 233-236,
264-265, 270

training of, vii, 23,33,97
P r o d u c t i o n

amount of, 10, 33, 36-38, 71, 202,
203, 217, 224-225 (See Out
p u t )

a s a n o b j e c t i v e i n a q u a l i t y
control program, 10, 33, 36-
38, 71, 187, 202, 203, 22A-
225, 246, 255

cycles in, 66
data from, 6, 21,189,191
increases or decreases in, 38,

155,166,178,198, 224
interruptions to, 33, 36, 38, 77,

187, 202, 220, 225, 246, 254r-
255, 263, 265

schedules for, 37, 38, 46, 155,
161, 224, 226, 246, 260

troubles, 11, 34, 35, 37-38, 46,
48, 66-72, 91, 122, 187-188,
217-219, 220, 224, 226, 273

variables (See Shop-t3q)e vari
ables)

(See Output; Quantity)
Production paths, 36, 47, 48, 49,

51, 53, 54-55, 59, 63-64, 66,
68,72,75-76,85, 93,114,149,
151, 152, 155, 157, 159, 160,
166-167, 168, 179-180, 187,
188, 190, 199, 202, 207, 212-
213, 215, 218-219, 223, 228,
2 6 1

Productive work, interference with,
33, 38, 77, 202, 246, 260

"Product tolerance" specificat ion,
11 9

" P r o fi l e " o f a d i s t r i b u t i o n , 1 3 1
(See Shape)

Progress
indicators of, 10, 38, 225-226
review of, 202, 223, 224, 226
watched bv operators, 202, 203,

223, 226
Progress reports, 33, 40, 41, 224,

225-226,229
(See Results; Savings)

Projection of pin, 123
Prominent patterns, 55,166
Promptness

in acting on shop charts, 190, 217,
219, 221, 227

in plotting shop charts, 214, 227
in taking samples, 190, 207, 214,

2 6 8

Proport ions
of distributions, 153, 157, 171,

178, 179
o f e f f o r t i n a q u a l i t y c o n t r o l

program, 34, 41, 226
of scales on charts, 13, 51, 159,

192, 215, 229
of ^ and R charts used in shop,

189, 225
(See Percentage)

P r o t e c t i o n

against unsatisfactory quality,
264, 273, 274

in emergencies, 233, 246, 263, 273
in hands of Inspection, 273, 274
of the consumer (See Consumer's

r i s k )
of the manufacturer (See Pro

ducer's risk )
primary and secondary, 233, 265,

2 7 3 - 2 7 4
under an AOQL sampling plan,

249-251, 252, 255
under continuous sampling, 256

Psychological
habits and tendencies, 116, 260

impressions from control charts,
10, 25, 67, 160, 178, 179,
1 9 0

Psychological advantages
of control charts, 9, 61, 101, 190,

202, 203, 224
of designed experiments, 77, 101
of double or multiple sampling,

2 6 0

Pumps, 155, 178
p Value, calculation of, 162,215,229

Q
Quality

adverse effect on, 72,121,246
assurance of, 270,274
balanced against cost, 33, 193,

264, 265 (See Balance)
characteristics, 3, 132, 188, 265
charts on, 38, 187,188, 225, 227
controlled by process control

charts, 38, 62, 155, 164, 167,
177, 178, 187, 226, 233, 235,
2 6 5

deterioration of, 246,273
effect of repeated checking on, 246
good and poor, in sampling in

spection, 237-238, 24^245
improvement of (See Improve

ment)
meaning of, 3, 33, 37, 46,187,225,

226, 233-234, 254, 264, 273
of piece parts etc. (See Piece parts)
of shipped product, 246, 264, 270,

2 7 3

problems, 30, 33, 46, 61-63, 121-
122, 187, 189, 202, 224-226,
233-236, 246, 254, 264, 265

responsibility for, 216, 233-236,
265, 270, 273-274

troubles, 37, 46, 61-63, 66, 72,
187-189, 202, 264

Quality Assurance Organization,
197, 226, 263, 264, 270, 273

Quality audits, 270
Quality control

(See Statistical quality C/Ontrol)
Quality control coverage, 3-4, 33,

34, 38,41,189,224-225,226
Quality control engineers

areas of work for, 33, 34, 39-41,
66-72, 74, 75-117, 187-199,
201-202, 209, 213, 216, 217-
219, 220-222, 223-229, 236,
264-265, 273-274

contributions of, 33, 39-41, 45,
75-76, 112-117, 202, 216,
220-221,226, 236

responsibilities of, 33, 34-36, 38,
112, 192, 209, 219, 223, 227,
228-229, 236, 270

training of, vii, 23, 33, 97

3 1 3



Quality control meetings, 39-41,
201-202, 218, 219, 223, 224,
225, 226

Quality control program
administration of, vi i, 4, 33-41,

187-199, 201-216, 223-229,
2 3 4

development of, vii, 10,33-34,41,
2 2 4 - 2 2 6

encouragement of, vii, 33, 34, 41,
223, 225-227, 234, 265, 274

essential elements of, vii, 4,33-41,
45-46, 75-77, 187-189, 233-
2 3 6

founded on control charts, vii, 4,
3 3 , 3 4

installation of, 33-34, 41
meaning of, 33
objectives of, vii, 3-4, 10, 33-41,

45-47, 53-54, 61-63, 71-72,
75,77,119,122,125-126,169,
187-189, 201-203, 217-226,
233-236, 273-274

results of, 10,34-36, 36-38, 46-47,
75-77, 83, 87-89, 100-101,
112, 125-126, 187-189, 201-
206, 225-226, 235, 265

three years oldj 225
training for, vii, 23, 33, 97

Quality control reports
(jSee Progress reports)

Quality control teams
cost reduct ion by, 33, 41, 71,

2 2 3 - 2 2 6
duty to eliminate operational

sorting, 122, 235, 236, 265
duty to evaluate inspection pro

cedures, 223-224, 236
encouragement of, vii, 33, 40, 41,

224-226, 227
functions of, vii, 33, 34, 36, 38,

39-41,64,66,75-76,112-117,
183, 187, 189-190, 191, 192,
197, 198-199, 201-202, 213,
218-219, 220-222, 223-229,
236, 265

how started, 33
importance of, vii, 40, 45, 75,187,

189, 190-192, 198-199, 219,
220,223-226, 236

knowledge needed by, 40, 54-56,
66, 67, 71, 75-77, 112, 198-
199, 218-219, 220, 223-224

meetings of, 33, 39—41, 201—202,
218, 219, 223-224, 226, 236

members of, 33, 36, 39-40, 201-
202, 213, 223,226, 236

objectives of, 33,39-41,45-47,66,
75, 187, 223-226, 236, 274

process capability studies made
by, 36, 40, 41, 45, 66-72,74,
220,223,228

reports of, 33, 40, 41, 224, 225-
226,229

responsible for inspection, 223-
224, 236

responsible for results, vii, 33,
40-41, 190, 201-202, 219,
223, 225-226, 227

responsible for shop charts, 33, 38,
39-41, 45, 64, 183, 187, 189-
192, 193, 197, 198-199, 201-
202, 209, 213, 219, 212-222,
223-224, 227, 228-229

structure of, 33, 39-40, 223, 236
•training of, vii, 23,33, 97

Quality control training
{See Training)

Quality levels
enforced by sorting under AOQL

sampling plans, 249-251, 252
required by AOQL sampling

plans, 254-255
required by customer or user of

product, 245, 246, 254, 264,
2 7 3

used in inspection, 39, 237-238,
244, 247, 248, 249, 250, 253,
254, 255, 258, 263-265, 273-
2 7 4

used in quality rating, 270, 273
Quality rates

as source of AOQL's for Final
Inspection, 264, 273

a s s o u r c e o f i n f o r m a t i o n f o r i n
spection planning, 263, 264,
2 7 3

may be affected by too large a
Consumer's Risk, 246

Quality rating, 197, 226, 246, 264,
270, 273

{See Qû ity Assurance)
Quality record of suppliers, 39, 264
Quality requirements, 254, 264, 270
Quality standards

effect of costs on, 244, 246, 255,
265, 273

expressed as AOQL, 264, 265, 273
used in inspection, 264-265, 268,

2 7 3 - 2 7 4
used in quality rating, 264, 270,

2 7 3

{See Quality levels )
Quantity

as an objective in a quality con
trol program, 10, 33, 36-38,
71, 202, 203, 226

constant, for a c-chart, 20, 191
of product out of limits, 37, 46,

58-59, 66, 71, 121-122, 160,
189, 204-206, 254

of product used in sample, 17, 20,
21, 50-51,66,113,191

{See Output)
Quarterly summary, of control chart

audits, 227
Quartile range, 198

Questionable practices, 45, bl, 73
Question marks (used m marking

control charts), 99, 100, 107,
1 0 9

Questions
asked by operators, 201,202
put to machine setters, 202, 217,

2 1 8
Quincunx, 202

R

R
calculation of, in a designed ex

periment, 97,98,108
calculation of, in a standard X

and R chart, 12,14
Radar system, 4,20,21,191
R a n d o m

mixture of lines on a control chart,
160, 169

numbers, 50,93,113,114-116
patterns, 24, 116, 149, 150, 156,

1 7 0

points on a control chart, 24, 149,
170, 175, 176, 177, 181-182,
2 7 4

variation, compared with residual,
1 0 3

{See Randonaness)
Random fluctuations, 5-7,9, 24, 46,

103, 149, 156, 161, 173, 175,
176, 203, 237-238

{See Fluctuations)
Randomizing measurements in an

experiment, 93,113,114-116
R a n d o m n e s s

in a pattern on a control chart,
5-6, 7, 9, 24, 149, 161, 173,
175, 176

in control chart theory, 5-7, 24,
149,150-151, 170

in process control, 151, 192, 207,
2 1 4

in sampling inspection, 173, 239,
257, 260, 261, 262, 267-268,
2 7 0

{See also Randomizing; Selec
tion of samples; Unbiased
samples; Rat iona l sub-
^oups; Random fluctua
tions; Random numbers)

"Random order" sampling plans,
2 6 8

Random samples, 68, 156, 170, 179,
239, 260, 261, 262, 267-268

(/See Unbiased samples)
Ranges

calculation of, 11, 13, 129, 131,
162, 213

chart for, in a designed experi
ment, 98,108,109

compared with root-mean-square
deviation, 131

3 1 4



distribution of, 137, 151,181-183
equation for, 12, 131
from a normal population, 156,

181, 182
of distributions in the shop, 63,

64,193-197
tests for, 83, 182-183,191
used to estimate <r', 56, 58, 71,

98,108,131
uses for, 66, 67-68, 131, 154-156,

168, 195
{See R Chart)

Ranking of measurements, 49-50
Rapid methods of calculating

{See Shortcuts)
Ra t i ng

of suppliers, 39
quality, 197, 226, 263, 264, 270,

2 7 3
Rational sub-groups, 48, 49, 51,149,

151, 192, 207, 214, 215, 261.
2 6 8

Raw materials, 196, 264
R c h a r t

as key to interpretation of un
natural patterns, 55, 66-68,
91, 153, 155, 156, 168, 179,
195, 197

as key to separation of data by
source, 55,149-151, 154-156,
168-169,179-180

as key to solution of problems,
66 ,67 ,68

bunching of measurements on, 68
calculations based on, 56, 58-59,

71, 98, 106, 108, 131, 156,
168, 170, 229

causes different from 2 chart, 11,
16, 48, 68, 83, 87-89, 100,
109, 153, 156

centerline on, in a designed ex
periment, 98, 100,107-108

compared with chart for individual
measurements, 160,161

compared with residual, 97, 100
construction of, 12-13, 82, 85-88,

97-98, 99, 100,107-109, 111,
2 2 9

cycles on, 69, 70
estimates based on, 54, 56, 58-59,

62,119,131,168,170,195
examples of, 14, 16, 65, 99, 120-

121, 126, 144, 203-206, 212
fluctuations on, 67, 69
freaks on, 68, 70, 153, 155, 156,

1 6 3
grouping of measurements on, 68
importance of, 11, 15-16, 55-56,

66-69, 89, 91, 125, 127, 144,
153-154, 168, 170, 171, 195,
196, 204

importance of, in interpreting
complex patterns, 55,66-68

improvement shown by, 71, 155
inflation on, 66-67, 168-169

instability on, 67, 69, 166-167,
179,180,195

interaction on, 68, 100, 168-169,
179, 195

interpretation of {See Interpreta
t ion)

interpretation of, in a designed
experiment, 83, 87-89, 100

interpretation of, in an error of
measurement study, 87-89

isolated points on, 70, 71, 156,
1 6 2 - 1 6 4

plotting of, in a designed experi
ment, 82, 85-88, 100, 108-
109, 111

special tests for, 28, 82, 181-182
substitutes for, 197-198
variables appearing in, 100, 109,

150, 168
a;'s on, 67, 68, 168, 195
{See Ranges)
{See also appropriate portions of

pages 161-180)
Readability of patterns, scales etc.,

190, 199, 215, 219
Reading of control charts, 23-25,36,

66 -73 , 149 -180 , 203 -206 ,
2 1 7 - 2 1 9

Re-adjusting, 188
{See Adjustment)

Real effects, changes etc. vs. appar
ent effects, 9, 10, 46, 56, 61,
67, 75-76, 99, 103, 117, 122,
123, 141, 146, 156, 160, 161,
162, 164, 166-167, 173-174,
176-177, 178, 179, 204, 206

Realistic specifications, 10, 34, 36,
38, 61-63, 65, 71, 122, 125-
127, 140-141, 206

Re-arrangement of data, 55, 56,
75-76, 85, 109, 117,143-146,
149, 160

Re-calculation of control limits, 52,
154, 228

Re-calibration, 53, 113, 153, 159,
165, 175

Receiving inspection, 39, 233, 264
Re-checking, 246

{See Re-inspection)
Reconciliation of results with pre

vious knowledge, 77,218
R e c o r d s

for inspection, 268-269, 270, 271
for process control, 207-208, 209-

210, 228-229
kept by statistical clerk, 228-229
kept up-to-date, 214-215,227
of accounting, 6, 21, 50, 189, 191,

197, 226
of dropouts, 224-225, 227, 264
of quality control coverage, 189,

224, 225, 226
of quality control meetings, 224,

225, 226

Rectifier tubes, 224, 225
Re-design

of fixtures, 62, 69
of tools, 62, 212, 219

Reduced data, 106
Reduced inspection

as an inspection level, 120, 246,
247, 262-263, 264, 273-274

as cost reduction, 34, 38, 39, 71,
188, 225, 226, 233-236, 246,
2 7 3 - 2 7 4

through sampling, 39, 233, 234,
2 3 6

R e d u c t i o n
of back schedules, 37, 46, 226
of bottlenecks, 33, 187, 202 {See

Delays)
of carelessness, 155,156, 167, 175,

180, 235
of complaints, 38, 62, 226, 246,

2 6 4
of data, 106 {See Amount)
of defects, 38, 71, 225, 233, 235,

246, 265
of delays, 33, 187, 190, 202, 217,

219,246,260,261,262
of difficulty in meeting schedules,

38, 226
of facilities, 38, 246
of inspection {See Inspection)
of losses {See Losses)
of operators, 38, 226
of percent defective, 19, 31, 159,

167, 175, 178-179, 224-225,
233-235, 236, 265

of repairs, 4, 10, 33, 46, 188, 189,
2 2 5

of re-work, 4, 10, 33, 37, 46, 61,
121, 187, 188, 225

of scrap, 4, 10, 33, 37, 38, 46, 48,
121, 188, 225

of sorting, 46, 122, 226, 235, 236,
2f 5, 263, 265, 273

of unnatural variation, 35, 36,
37-38, 66-72, 203, 206

Reeds, 213
Reel, 153
Regression lines, 144-145,148
Regular cleaning, 91, 92, 100
Regularity of progress reports, 33,

2 2 4 - 2 2 6

Regulation of voltage, 10, 48, 162
Re-inspection of rejected product,

227, 246,269
R e - i n s t r u c t i o n

{See Re-training)
Re jec ted p roduc t , sen t back to

Operating, 37, 226, 246, 261,
2 6 9

Reject ion
of hypothesis, 47, 82, 83
of normal product, 246, 255, 265,

2 7 3

3 1 5



Rejection, continued
of product, in general, 37, 38, 66,

165, 217, 226, 260, 261, 262,
263,273

of product under AOQL sampling
plan, 249-251, 252, 254, 255,
257, 263, 265, 273

vs. acceptance, in inspection, 4,
38-39,188,233,237-239,254,
260-261,268-269

Rejection number, 248,259
Related points, in a designed ex

periment, 109
Relation between process and speci

fi c a t i o n
(See Process)

Relationships between variables
(See Correlation)

R e l a x a t i o n
of inspection, 246, 273
of requirements, 31,35,62-63,120,

121, 122, 159, 165, 167, 175,
1 7 9

of standards, 165,167,179
Relay cores, 64
Relays, 3, 19, 64, 154
Re l iab i l i t y

of a product, 71
of averages, 60, 61, 83, 153, 154
of control charts, 9-10, 25 (foot

note), 52,149
of data (See Error)
of equipment, 46,180
of gages, 46, 203, 219, 224, 227
of holding devices etc., 10, 68, 69,

162, 175, 235
of information, 46,61,75-76,112,

141, 146
of measurements, 49, 50,113,192,

213, 215-216, 218, 219, 223,
227, 228-229

of standards, 46, 90-91
of test sets, 46, 156, 167, 178, 180
of tests for unnatural patterns,

23 ,25 ,160 ,180-183
Reliance on control charts, 10, 274
R e - l o c a t i o n

of motors, 70,
of process, 30, 62,64-65,120-121,

2 2 0
R e m o v a l

of assemblies from chuck, 69
of charts, 38,41,189,199,223,227
of effects from data, 103, 105, 106
of inflation, 67-68, 168
of requirements, 61, 62-63, 165,

1 7 5
of variables in an experiment, 103,

1 0 6

Repairs
as a variable, 10, 15-16, 30, 48,

53, 55, 69,155,167, 175,180,
202, 206

of assembled imits, 64
of rejected product, 254, 261, 269
on a fixture, 215
on a tool, 23
reduction of, 4, 10, 33, 46, 188,

189, 225
Repea t

experiments, 77,112
measurements, 6, 84-86, 90, 93,

111, 113
Repeatability

dependent on a natural pattern,
53-54,60,61,150,170-171

of measurements (See Precision)
Repeated handling and checking,

2 4 6

Repeater tubes, 224,225
Repetition of pattern, 24, 69, 160,

161, 175, 176
Replacement of gages and test sets,

11 3

Reports
intervals between, 33,225
of control chart audits, 227
on process control charts, 189,

224-225, 225-226
on progress (See Progress reports)

Representative
periods on shop control charts,

2 2 9

samples, 51, 173, 207, 214, 268,
2 7 4

Reproducibility of measurements
(See Precision)

Reproductions of shop charts, 65,
192, 207, 228

Requirements
addition of, 61, 63, 165, 175, 178
modification of, 10, 61, 62, 122,

153, 198
quality, 254, 264,270,273
relaxation of, 31, 35, 62-63, 120,

121, 122, 159, 165, 167, 175,
1 7 9

removal of, 61, 63,165,175
tightening of, 31,165,175,178
trouble in meeting, 15, 19, 66,

121-122, 188, 189, 204, 205,
206, 234, 264

uneconomical or unnecessary, 10,
34, 35, 36, 38, 48, 62-63,65,
187, 188

R e s e a r c h
design of experiment in, 4, 34,75-

77, 112
method of, 47, 75-76, 112, 220
problems, 4, 34, 41, 47
process capability studies in, 34,

35 ,45 -46 ,54 -56 ,112 ,220
Residual (in an experiment), 80, 93,

94-96, 96-97, 98, 100-101,
103, 105, 106, 107, 108, 110,
111

R e s i s t a n c e
electrical, 12, 119

insulation, 163
lamps, 224, 225
to control charts, 33

Resistors, 4, 119
Responsibilities

for inspection, 233-234,235, 236
for process control, 36, 38, 39-41,

45,62,63-65,187-229
for quality, 216, 233-236, 265,

270, 273-274
in control chart audits, 227
of engineering, 46, 65, 192, 204,

205, 209, 236, 270
of machine setters, 202-204, 217
of operators, 203
of inspectors, 234, 235-236, 267-

2 7 1
of statistical clerks, 228-229
of supervisors, 201-203, 205-209,

213-216, 217-219, 223, 226,
2 3 6

of the shop, 46,202-206,233-236
(See Duties)
(See aiso Product engineers; Qual

ity control engineers; Qual
ity control teams)

Restoration of process control, 274
Rest periods, 70,162
Restrictions on data, 106

(See Degrees of freedom)
R e s u l t s

consistent, 71, 76-77,101
controlled by machine setters, 48,

188, 202, 203-204, 217
controlled by operators, 46, 48,

1 8 8
of process capability studies, 35-

36, 38, 45-47, 53-54, 61-65,
71-72,112, 220

of using control charts, 10,16,19-
20, 33-34, 35^36, 37-38, 46-
47, 62, 64, 66-72, 75-77, 83,
87-89, 101, 112, 125-126,
155, 164, 167, 177, 178, 187,
203-206. 219, 221, 222, 224,
225-226, 233, 235, 265, 274

of sampling inspection, 39, 233,
236,239,252,268-269

(See Progress reports)
Re-training

of operators, 46,73,155,180,204,
2 1 9

of process checkers, 159, 219
(See Training)

R e v e r s i o n
to control chart, after sampling

plan, 262,263
to sampling plan, after control

chart, 246,262,263
to Tight inspection, 273-274

R e v i e w
of layouts, 227
of process control charts, 38, 41,

189-190, 198-199, 218-219,
223 ,227
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of progress, 224, 226
Re-work, 4, 10, 33, 37, 46, 61, 121,

187, 188, 225
Richardson, W. J., 50,277
Rise (in a level or curve), 164, 174
R i s k

Consumer's, 245, 246
in an experiment, 97, 100, 107,

109, 112
of accepting poor product, 245
of unnecessary rejections, 245-

246,254-255,265
of wrong decisions, 25 (footnote),

52,100,107,109,180-183
on a control chart, 9, 25, 52
Producer's 244, 245, 246

Riveting, 162
Road conditions, 216
Rod (of stock), 156, 163
RoUers, 162
Romig, H. G., 175,177

{See Dodge-Romig)
Root-mean-square deviation, 131
Rotation, effect of, 162, 175, 176
R o u t i n e s

associated with inspection, 267-
271, 273, 274associate with process control
charts, 38,40-41,64,65,190-
192, 205-211, 213-216, 217-
219, 223-224, 227, 228-229

interference with, in the shop, 33,
37,38, 77,187, 202, 220, 225,
246, 254-255, 261,263, 265

R points
calculation of, 12,131,162
in a designed experiment, 82, 86,

1 0 9
Rubber, 4, 20, 191
Run-out, 57

s

"s," 130,197
Salaries, 22,146,203
Salvage, 226
"Same essential conditions," 85, 90,

1 5 0
Samples

alternate pairs of, 108,109
check of, 192, 213, 227, 268-269
complete inspection of, 227, 260,

2 6 8
cost of, in inspection, 260
for a designed experiment, 82, 84,

85, 98, 107, 108-109, 111,
113, 116

for inspection, 237-239, 260,262,
2 6 4

formation of, on a control chart,
4, 85,108-109, 149, 151

for process control charts, 190-
192, 207, 209, 213, 214, 219,
2 2 7

for verification, by Inspection,
268,274

in general, 51, 149, 151, 207, 214,
229, 237, 262, 267

instantaneous, 192, 207, 268
intervals between, 41, 190-192,

199, 207, 209, 214, 219, 227,
233, 262, 274

may be the entire lot, 17, 19, 191
measurement of, 213-216, 227
number of units in, 12, 17, 18, 19,

20, 50-51, 66, 83, 84, 85, 98,
107, 111, 160,189,191

of chart forms, 211, 229
of data sheets, 210,229,271
of layouts, 209,270

Sample size
constant, 18,20,191,192
correctness of, 227
effect of, on control chart tests,

83, 182, 183
effect of, on 00 curve, 239, 242,

2 4 6
effect of, on R chart, 182,183,191
effect of, on <-chart, 197
for c-charts, 20,72-73,191
f o r c h a r t s o f i n d i v i d u a l m e a s u r e

ments, 11-12, 21, 161, 191
fornp-charts, 20,191,209
for p-charts, 17, 48, 50, 191, 196
for shop charts in general, 191,

192, 209, 214
for w-charts, 21,191
for ̂  and R charts, 12, 13, 31, 50,

66, 83, 84, 85, 98, 99, 107,
138, 144, 191, 195-196, 205,
2 0 9

implications of, when rules are not
foUowed, 51, 192

in a process capability study, 50-
51, 66, 72-73

in inspection, 39, 226, 239, 242,
246,265

in continuous sampling, 256, 257,
2 5 8

in Dodge-Romig tables, 250, 253
in lot-by-lot sampling, 237-239,

259-260, 261, 270
in Mil. Std. tables, 247-248
reduction of, in inspection, 246,

273 ,274
tables for (to obtain control

limits), 229
to be decided by the Quality

Control Team, 192
uneconomical, 191
variations in, 18, 19, 20, 163, 167,

180,191
Samples of 1; 11-12, 21, 161, 191
Samples of 2: 12, 83, 85, 89, 98,

107-109,144,182-183,191
Samples of 3: 12, 144, 191

Samples of 4: 12,144,182,191
Samples of 5: 12, 14, 15, 31, 66, 84,

89, 131, 137-138, 144, 182,
191, 196, 205, 210, 215

Samples of 10: 12
Samples of 25: 191
Samples of 50 and 100: 17, 50, 72,

1 9 1

Sampling
accuracy of, compared to 100%

inspection, 236
advantages of, in inspection, 39,

2 3 6
as a variable, 29, 167, 171, 172-

173,175,176,180, 214
concepts in, 237-239, 242-245,

249-251, 256, 262, 263, 270,
2 7 3 - 2 7 4

equations in, 239, 251
fluctuations of, 237-238
frequency of, 41, 190-192, 199,

207, 209, 214, 219, 227, 233,
262, 274

from a continuous process, 255-
2 5 8

in the shop, 190-192, 199, 205-
210, 213-214, 216, 219, 227

risks of, 237-238, 238-242, 242-
245, 246

tables for, 247-248, 250, 253,
265, 277-278

theory of, 237-242^^49^51
verification-type, 268,274
vs, 100% inspection, 39, 234, 236
{See Inspection; Process control)
{See also Single sampling; Double

sampling; Sequential sam
pling; Multiple sampling)

Sampling beads, 202
Sampling distributions, 23-24, 38,

137-138,180-183
Sampling fluctuations, 46, 103, 173,

203,237-238
Sampling inspection, vii, 4, 38-39,

187, 224, 226, 237-265, 267-
271, 273-274

Sampling intervals
{See Intervals)

Sampling plans
advantages of, 39, 187, 233, 236
as related to process control, 39,

187, 233-236, 244, 246, 262-
263,265,273-274

more than one set of {See In
spection levels)

operation of, 237-238, 257, 260-
261, 262

reversion to, after control chart,
246, 262, 263

selection of, 239, 244, 260, 263-
265, 273-274

tentative standards for, 265
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Sampling plans, continued
(See al80 AQL; LTPD; AOQL;

Continuous sampling; Lot-
by-lot sampling; Singje;
Double; Multiple; Chain;
Sk ip - l o t ; Con t ro l cha r t
sampling plans; Variables
sampling plans)

Sampling tables
(See Mil. Std; Dodge-Romig)

Savings
apparent, in inspection, 246, 262
balanced against cost (See Bal

ance)
calculated, for inspection, 246,262
estimates of, 10,38,225-226
example of, 226
in conducting experiments, 77, 92
in inspection, 246, 273-274
m tune, 38,77, 225,246
resulting from designed experi

ments, 62, 83,101,120,121
resulting from process capability

studies, 10, 34-36, 54, 62,63,
71, 187, 225-226

resulting from sampling inspec
tion, 39, 187,233-236

resulting from shop charts, 10,
36-38, 46, 62, 63, 71, 187,
225-226, 235, 265

resulting from the use of quality
control, 10, 34r-36,36-38,39,
41, 46-47, 54, 62-63, 119-
122, 187, 225-226

(See Cost reduction; Progress re
ports)

Scales
exponential, 163
f o r c h a r t s o f i n d i v i d u a l m e a s u r e

ments, 22
for designed experiments, 83, 87,

88, 99
for engineering studies, 51,53,72-

73,149, 159, 160
for OC curves, 239,242,244
for p-charts, 17, 51, 53, 159
for shop charts, 13, 17, 65, 190,

199,214r-215,226,229
for ^ and R charts, 12, 13, 190
for chart using various sample

sizes, 13
importance of, 53,66,72,190,214,

2 1 5
logarithmic, non-linear, etc., 163
of measurements, 138,163
on a c-chart, 53,72, 73
sub-division of, 55,72-73,166
used for simplifying a complex

pattern, 53, 55-56, 72-73,
1 6 6 - 1 6 7

S c a t t e r
a s s o c i a t e d w i t h r a n d o m v a r i a

t ion, 6,7,24,130
diagrams, 56, 75, 143, 144, 146,

1 4 7

of measurements, 137,138,145
(See Dispersion)

S c h e d u l e s

back, 37, 46, 226
changes in, 155, 166, 178, 198,

2 2 4
for maintenance, 46, 155, 162,

164, 180
for production, 37, 38, 46, 155,

166,178,198, 224,226
for shipment, 161,'226, 246, 260
trouble in meeting, 37, 38, 46,

224, 226
Scientific management, 33, 34
Scientific steps in a process capa

bility study, 35,47
Scrap, 4, 10, 33, 37, 38, 46, 48,

121, 188, 225
Scratches, 113
Screening

effect of, on control chart, 49, 52-
53, 167, 171, 180, 190

effect of, on distribution, 57-58,
141

delays due to, 246, 263
may lead to loss of information,

49, 52, 190
(See Sorting)

Screwdrivers, 216
Screw machine, 6, 8, 9, 10
Screw threads, 10, 155, 162, 178
Seasonal effects, 161, 162, 178
Second approximation to the Nor

mal Curve, 59, 135, 136
"Second chance, " for an inspection

lot, 260
Second order intei actions, 93, 94,

96, 98, 105, 106
Second shift, 72,73,161,162
(See Shifts)
"Seesaw" pattern, 169
Segments of a process, 36, 55, 59, 68,

75, 114, 151, 155, 159, 166,
180, 218-219

(See Production paths)
S e l e c t i o n

of AOQL standards, 264, 265, 273
of inspection levels, 273-24
of representative charts, 229
of representative periods of data,

74, 228, 229
of sampling plans, 239, 244, 260,

263-266, 273-274
of variables for an experiment,

91, 92, 113-114
of variables to be used for simpli

fying patterns, 55, 66-68, 72
Selection of samples

by inspector, 237, 239, 257, 259,
260-261, 262, 267-268

by process checker, 190-192, 207,
209, 213, 214, 219, 227

for designed experiments, 78, 84,
85, 90-91, 91-93, 111, 113,
116

for engineering studies, 48-49,51,
1 5 1

for process control, 151, 190-192,
196, 207, 213, 214, 227

in order of production, 15, 49, 82,
84, 149, 151, 192, 207, 209,
2 1 4

in rational sub-groups, 48-49, 51,
151, 192, 207, 214, 262, 268

(See Randonaness; Random sam
ples)

S e l e c t i v e

assembly, 124, 127, 188
system of causes, 156

Semi-interquartile range, 198
Semi-variables measurements, 50,

11 3
Sensitivity

of a control chart, 11, 47,48,155-
156, 157, 158, 160, 161, 165of control limits, 52,161,17^174

Separation
of data, 55, 166 (See Production

paths)
of distributions, 61,141,155
of shop charts, for analysis, 199

Sequence
of operations, 176, 209, 270
of points on a control chart, 4, 6,

23-24,55, 72, 73, 76,99,109,
149, 151, 160

of studies, in determining process
capability, 36, 47, 63, 66-72,
7 4

tests based on, 25 (footnote)
(See Order; Arrangement; Con

trol charts in general)
Sequential sampling, 259-261

(See Multiple sampling)
Series of points on a control chart,

etc., 4, 6, 149
(See Sequence)

Service, weeks of, 72,73
"Settling" of a process, 189,192,223
Set-up

of a machine, 174, 188 (See Ma
chine setting)

of charts, 65, 71, 189-190, 190-
192, 219, 227, 228

parts, 156,163,180, 214
Severity of inspection, 264, 273
Shaded boxes or squares, 97, 106,

107, 110-111
Shaft, 126
Shape

changes in, 57-58, 160
checking on, 16, 30, 53, 56, 59,

138-141, 156, 160-161, 196
detected by a control chart, 69-

70, 156, 176
estimated from a process capa

bility study, 53, 56, 56-58,
59, 62,122, 156,177
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importance of, in a distribution,
56, 69, 61, 122, 125, 126, 131,
138, 153, 154, 158, 160-161,
1 9 6

irregular, 37, 136, 139, 140, 141,
1 6 6

J-shape, 138
L-shape, 163
of distribution, 53, 56, 56-58, 59,

61, 63,122,129,131-136,137,
138,141,154,195,196

of OC curve, 242-244, 245
of the sampling distribution of

averages, 138,180,181
of the sampling distribution of

ranges, 182, 183
U-shape, 138
{See Normal distribution; Bi-

modal d is t r ibu t ions ; Mul t i
m o d a l d i s t r i b u t i o n s ; S y m
m e t r i c a l n o n - n o r m a l d i s

tributions; Skewed distri
but ions)

Sharpening
of patterns, 54-56, 67-68,166-167
of tool, 162

Shavings, 178
Shewhart, Dr, W. A., vii, 7, 25

(footnote), 288
S h i f t s

as a time interval, 192
as a variable in the process, 36,

48, 54, 72, 73, 162, 171, 175,
176, 207

in average, 83,152-153,179
in distribution, 161, 166, 174
in pattern, 11, 30, 53, 55, 56, 72,

82, 111, 152, 156, 161, 164-
165, 168, 173, 174-175, 177,
2 1 2

in process center, 16, 30, 62, 64-
65, 120-121, 122, 152, 167,
170, 188, 193-197, 202, 203,
2 2 0

ill spread, 83,154-155,179
{See Sudden shift; Gradual shift)

Shimming of doors, 213
Shipments, 21,165, 246, 260
Shipped product, 246, 264, 270, 273,

2 7 4

Shipping schedules, 161
Shop

applications in, vii, 36-38, 45,
62, 63-65, 77,187-229

controls, 36, 62, 273-274 {See
Process control)

cooperation of, with Engineering,
33, 38, 39-41, 45, 65, 74, 188,
190, 202, 219, 220, 223-226

eflBiciency of {See Efficiency)
experience, 40, 54, 77, 91, 101,

201, 202, 219, 236 {See Job
knowledge)

informat ion for, f rom unnatura l
patterns, 35,37,54-56,66-71,
159, 161-180, 217-219, 221,
2 2 3

people in {See Operators; Ma
chine setters; Operating su
pervisors)

problems {See Operating prob
lems)

responsibility, 46, 48, 188, 201,
202, 203, 204, 216, 217, 235

results, 10, 38, 224-226 {See Re
sults)

routines, 33, 37, 38, 39-41, 62, 63,
65, 77, 187, 202, 220, 225,
245-246, 254-255, 261, 263,
2 6 5

{See Operating organization)
Shop charts

audit of, 38,41,189-190, 199, 219,
223, 227, 268, 274

changes due to, 199
changes in, 38, 41, 65, 189-190,

198-199, 219, 223, 227-229
data for {See Collection of data)
extension of, 34, 38, 72,189, 224-

225, 226
importance of, 33, 34, 36-38, 41,

62, 63-64, 77, 122, 125-126,
187, 189, 201-202, 217, 219,
226, 233, 235, 265, 273-274

improvement reflected in, 74, 199,
228, 229

installation of, 63-65,72,187-199,
201-216, 234, 265

knowledge reflected in, 199, 212-
213,219, 223, 228 {See Notes)

maintenance of, 228-229
results of {See Results)
used as a cont inu ing process

capability study, 36, 38, 63-
64, 71-72, 74, 188, 194, 198-
199, 203-206, 218-219, 221,
223, 228, 265

used by operators, 4, 155, 158,
164, 167, 177, 178, 188, 203,
204, 221, 235, 265

{See Process control charts)
Shop coverage, with control charts,

34, 38, 41, 72, 189, 224-225,
2 2 6

Shop supervisors
{See Operating supervisors)

Shop troubles, 4, 10, 11, 15,19, 34-
38, 46, 48, 66, 91, 122, 158,
161-180, 187-190, 202, 203-
206, 217, 219, 220, 224, 226,
246, 255, 261, 263, 273

Shop-type variables, 35, 37, 38, 71,
202, 217, 220

S h o r t

cycles, 160
drying, 91, 92, 100, 101

production runs {See Intermit
tent operations)

Shortage of material, 262
Shortages

{See Back schedules)
S h o r t c u t s

effect of, on skewness, 57, 70
in a process, 57, 70,167, 220
in calculation, 97, 98, 110

Short-term capability, 45, 61, 64,
122, 151-152

"Shorts," 165,192, 209, 214
Shoulder of a curve, 164,242,244
Shrinkage, 48, 226

{See Scrap)
Shutdown, effect of, 37

{See Downtime)
S ides

of parts, 90,216
of squares, 57

Sigma {<j)
as residual in an experiment, 98,

106, 107
calculation of, 130-131
meaning of, 9 (footnote), 129,130,

131

(iSee Standard deviation)
Sigma prime {<r')

calculation of, 130, 131
estimated from a sample, 131
estimated from an R chart, 56,

58, 62, 71, 89, 131
in a factorial experiment, 98, 107,

108, 110
inflation in, 131
meaning of, 9 (footnote), 131
{See Sigma)

Sigma zones, 25, 27, 182, 183
Signals, electrical (obscured by

noise), 68
Significance

levels (1%, 5% etc.), 97, 99, 100,
107, 108, 109

of correlation coefficient, 146
of results in a designed experi

ment, 79, 80, 81, 83, 89, 96-
97, 100, 103, 107, 109, 112,
11 7

on a control chart , 25-30, 52,
1 4 9 - 1 8 3

tests of, 25 (footnote), 78-81, 96-
97, 99-100,107,109,180-183

Significant
as one of the concepts associated

with assignable causes, 6,24-
25, 35, 46, 75, 112, 149, 150,
1 7 1

categories of data, 36, 55, 59, 75-
76, 92, 114, 157, 159, 166,
218-219, 261

differences, 6, 16, 25-28, 35, 36,
46, 61, 75, 78, 70-81, 82, 87-
88, 96-97, 99, 103, 107, 109,
112, 145, 146, 150, 218-219

3 1 9



Significant, continued
patterns, 35, 55, 166 {See Pat

terns)
points in an experiment, 99, 109
relationship between variables,

35, 56, 176-177 {See Cor
relation)

Signs disregarded, 21,98,107
Simon, Xi. £j., 278
Simple

experiments, 75,76-77,77-91, 91-
11 7

interpretation of control charts,
3 0 - 3 1

numbers, for process checking,
2 1 5

relationships between parent and
sampling distribution, 138

relationships between process and
specification, 120-121, 204-
2 0 6

shift in level, 11, 54, 55, 56, 72,
152, 156, 164-165, 173,174r-
175, 177

Simple causes
for complex patterns, 6,37-38,54,

66-69, 70,166-167
on a shop chart, 71, 72-73, 190,

203-206, 212-213, 215, 217
Simple shifts and trends, 54, 55, 56,

7 2
Simple unnatural patterns, 54, 56

{See Unnatural patterns)
Simplicity

in administering inspection, 260
in analysis, 32,91, 97
of tracing cycles, 69,162

Simplification
of a c-chart, 72-73
of an Z and R chart, 54r-56, 66-72
of a p-chart, 48, 59, 73, 157, 159,

190, 218
of complex patterns, 11, 36, 53,

54-56, 66-70, 72-73, 75, 106,
166, 218-219

of data in an experiment, 102-103,
105, 106

of shop charts, 19, 38, 41, 63,
70-71, 72-73, 189-190, 192,
197, 199, 219, 221-222, 223,
2 2 8 - 2 2 9

of the use of control charts, 51,151
of unnatural patterns {See Un

natural patterns)
of variables in an experiment, 106

Singleness
of causes, 3, 45, 59, 68, 70, 154,

1 5 7
of distributions, 45, 150, 170, 171
of elements in a cause system, 55,

68, 114, 166, 218-219
{See Production paths)

Single sampling, 237-238, 240, 242,
247-248,250,253,259-260

Six months report, 225

S i z e
of inspection areas, 260
of lots {See Lot size)
of samples {See Sample size)

S k e w e d d i s t r i b u t i o n s
data required to estimate shape of,

30, 53, 56, 59, 141, 196
description of, 131,134, 156
equation for (Second Approxi

mation), 135
examples of, 57,58,59,163
percentage outside of limits in,

59, 135-136
spread of, 56, 59, 61, 62, 122, 196
tables for, 135, 136
types of, 57-58,134-136,138,156
{See Non-normal distributions)

Skewness
allowance for, 56, 61, 122, 154,

161, 196
caused by freaks, 58,153,162-163,

1 6 6 - 1 6 7
caused by mixture, 57-58, 179
caused by screening, 57-58, 141,

1 5 4
causes of, in general, 57-58, 69-70,

141, 153, 154, 162-163, 166-
1 6 7

degrees of, 131
effect of shortcuts on, 57, 70
estimates of, 53, 56, 61, 122, 196
indications of, on a control chart,

16, 70, 156, 177
measure of, 134
pe rmanen t o r non -pe rmanen t ,

5 6 - 5 8
positive or negative, 134, 135,

136, 156
stable or unstable, 56-58
types of, 131
{See Skewed distributions)

SkiU, 30-31, 38, 55, 72-73, 155,
158, 164, 167, 168, 170, 175,
178, 180, 202, 203, 204, 235

Skip-lot sampling plans, 39, 262,
2 7 8

Sliding portions (of a head on a
machine), 71

Slivers, 270
Slope

of a distribution, 159
of a curve, 164

Small, Bonnie B., 101,278
"Sma l l r unne r " t ubes , 224 , 225
Snedecor, G. W., 101, 278
Sockets, 155
Soldering operations, 17, 20, 64,

215, 219
Solutions, chemical, 23,152,178,218
Solutions of problems, 10,34,36,38,

45-46, 67, 75, 112, 121, 187,
2 2 0

Sort ing
by Inspection, 188,226, 234,249-

251, 254

by Operating, 46, 71-72,120-122,
190, 191, 226, 235, 246, 252,
254r-255, 260, 261, 263, 265,
2 7 3

corrective, 234-235
effect of, on product, 49, 52, 57-

58, 71-72, 162, 167,171,180,
190, 234

may cause temporary skewness,
57-58, 141, 156

need for, 120, 121, 122, 235, 265
normal amount of, 46, 120-121,

226, 233-236, 246, 25^255,
256,257,263,265

not always required in process
control, 263

of product associated with out-of-
control points, 263

of rejected product, 39, 234^235,
246, 249-251, 252, 254, 255,
261, 263, 265

one hundred percent, 46, 71-72,
120, 121, 122, 190, 191, 226,
235, 265 {See Sorting of re
jected product)

operational, 120, 121, 122, 233,
234-236, 265

reduction of, 46, 122, 226, 235,
236,255,263,265,273

required by control chart sam
pling plan, 263

required by use of AOQL sam
pling plans, 249-251, 252,
254^255, 256, 257

{See Detail inspection)
Sou rces

of complexity {See Production
paths)

of data, in a process capability
study, 47, 48, 49, 51, 53, 55,
63-64, 66, 68,72,75-76,152,
154-156, 160, 228

of information {See Unnatural
pat terns)

of product, 171, 261 {See Identi
fication)

of samples, 48, 49, 51, 66, 68, 151,
157, 163, 167, 172, 173, 176,
214 {See Selection of samples)

of trouble, 46, 51, 187-188, 190,
202-206, 217-219, 220 {See
Early operations)

of variat ion, in a designed ex
periment, 78, 84, 85, 89, 90,
93, 94-97, 98, 102-103, 104-
106, 111, 112, 117

of variation, in a shop process,
35, 37, 62, 63-64, 158, 159,
187-188, 190, 202, 212-213,
215, 217-219, 220, 223

of voltage supply, 48
separation of data according to
{See Production paths)

Space required for storage, 228-229,
246, 260
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Spacing (as a variable), 177
Special cleaning, 91, 92, 100, 101
Specialists

to assist in planning experiments,
112-113, 114

to assist Quality Control Teams,
40,219,236

Special lots, 76, 77, 92, 101
Special tests

for p-chart, 28,183,191
for R chart, 83,182-183,191
for ^ chart, 109, 182

Specification limits
centering process between, 64,

65, 120-121, 160, 193, 220
check on, 10, 34, 35, 36, 38, 48,

62-63, 64-65, 122, 187, 188,
204-205, 206

compared with process, 54,58-59,
119-122,140 (See Process)

confused with control limits, 16,
30-31,151,190

difficulty in meeting, 15-16, 19,
61, 64, 66, 71, 121, 122, 187,
189, 204-206, 224

for assemblies, 122-127
how marked on control charts,

13-14, 16, 30-31, 65, 190,
205, 206, 212

not compatible with each other,
64, 121

product outside of, 30-31, 37,46,
54, 56, 58-59, 61, 64, 66, 71,
120-121, 127, 132-136, 160,
189, 204-206, 225, 234-235,
2 5 4

used for classifying units of prod
uct, 157

(See Specifications)
Specifications

action on, in a process capability
study, 61-63,64-65,120,121,
122

added or removed, 61, 62, 63,165,
175, 178

affected by correlation, 64,121
as basis for "modified" limits on

shop chart, 64,195-196
based on process capability study,

34, 35, 36, 46, 48, 56-57,
119-120, 121, 122

changes in (See Changes)
checked by process capability

studies, 34, 35, 36, 46, 48,
61-63, 64-65, 119-122

checked by process control charts,
187,188, 204, 205

compared with chart for indi
viduals, 160,161

compared with collection of units,
1 4 0

compared with control limits,
13-14,16,30-31,151,190

compared with process (See Proc
ess)

comparisons with, to be based on
natural patterns, 53-54, 58,
59,61,122, 170, 204-206

conflicts with, 10, 31, 33, 34, 36,
38, 61-63, 64-65, 120, 121,
122, 187-189, 204-206, 219,
224,226

difficulty in meeting, 15-16,19,61,
64, 66, 71, 121, 122,187, 189,
204-206, 224

distributions compared with, 119-
122, 140

during design and development,
35, 36, 45-47, 54, 60-63, 75-
76, 83, 91,101,122-123,124-
127, 141, 198-199, 220, 224

economics of, 34, 35, 36, 61-63,
64-65, 71, 119-122

effect of assignable causes on, 53,
61,122,195,204,206

expressed in terms of distribu
tions, 119

importance of, 36, 62-63, 65, 119,
122,187,188,224

improvement in, 10, 35, 36, 38,
46, 48, 61-63, 65, 122, 125,
188,219,224,226

indicated on a shop chart, 13-14,
16, 30-31, 65, 190, 205, 206,
2 1 2

manufacturing problems _ asso
ciated with, 10,34, 35, 61-63,
64-65, 119-122, 204-206

maximum and minimum, 119,202
(See Maximum)

modified as result of process in
formation, 61, 63, 65, 122,
198, 219

nominal value in (See Nominal)
not compatible with each other,

64, 121
problems in establishing, 34-36,

46, 56-57, 119-127
product outside of (See Out of

l imi ts )
"product tolerance" type, 119
removal of, 61, 62, 63, 165, 175
re-worded or clarified, 61, 63
shifted to another place, 63 (See

Nomina l )
study of, 46,48,122,188
suitabiUty of, 34, 35, 71, 187
types of, 119,124,126,202
widened or narrowed, 61, 62
(See Limits; Tolerances; Re

quirements; Standards)
Specification trouble, 62, 122, 203-

2 0 6

Specified procedures, 39, 190, 192,
205-211, 213, 214-216, 217,
227, 236, 267-271

Spindle, 151,173

Splashes of metal, 209
Spoiled work, 189, 214

(See Dropouts)
Spoolheads, 5,7,9,10,11,64
Spot checks, 190,201,218,224

(See Casual checking)
Spraying operation, 165
Springs (on a relay), 19, 53,270
Spread

change in, 71, 120, 121, 154-156,
1 7 9

estimated from a process capa
bility study, 56, 58,61,62,71,
119-120, 124, 125, 127, 131

expected, 162, 165, 176, 177-178
of a distribution, 30-31, 53, 56,

58, 62, 63, 71, 121, 122, 123,
129, 130-131, 138, 140, 158,
ri60,166,195,196,204

of distribution (as an inspection
requirement), 119, 122, 265

of individual measurements, 16,
30-31, 53, 56, 58, 62, 88, 89,
122, 131, 137-138, 151-152,
160, 170, 195, 196

of process (See Process spread)
of the sampling distribution of

averages, 16, 30-31, 137, 138
reduction of, 37-38,66-71,121
(See Dispersion; Ranges; Stand

ard deviation; Variance;
Natural spread)

Square root values
in a designed experiment, 98, 110
used by statistical clerks, 229

"Square root of n" relationship
between scales on a control
chart, 13, 161

between parent distribution and
sampling distribution of aver
ages, 16, 30-31, 137, 138

used in test for two related points,
1 0 9

"Square root of the sum of the
squares," 89, 110, 123-124,
125, 127

Squares
areas of, 57
in an experimental design (See

Boxes)
sides of, 57
sums of (See Sums of squares)
(See also Square root)

Squaring, as a cause of skewness, 57
Stab i l i t y

of a production process, 10,33,34,
35, 36, 37-38, 64, 67, 69, 71,
166, 170-171, 187, 194, 218.
226, 246

of measurements (See Precision)
of testing equipment, 156, 157»

178, 180, 218
on a control chart, 24, 67, 68,149,

150, 157, 170-171, 171-174
(See Balance)
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Stability, continued
statistical, 6-7, 9,24^25, 53, 149-

151,166,170,171
tests for, 9, 23, 25 (footnote),

2&-28, 53, 180-183, 208-209,
215, 218

(See Constant system of causes;
Natural pattern on a con
trol chart; Statistical control

Stable forms of mixture, 11, 29, 53,
54, 150, 161, 170, 171, 172-
174, 175-176

(See Mixtures)
Stacking of material, 114
Stages of growth (in a quality

control program), 33, 41
Standard control chart tests, 23,

25-28, 182, 183
Standard control limits, 7-8,12,13,

17, 18-19, 20, 21, 22, 53, 83,
98,108,194-195,196,197,229

Standard costs, 46, 54
S t a n d a r d d e v i a t i o n

addition of, 89, 123, 124-125, 127
calculation of, 130-131
meaning of, 9 (footnote), 130, 131
obtained from R chart, 56, 58, 62,

71, 89, 131
of a distribution, 56, 58,129,130-

131,138,139-140
of a process, 56, 58, 131, 195-196
of a sample, 130,197
of a universe, 131,138
of the sampling distribution of

averages, 138
proportional to magnitude, 177
(See Process spread; Sigma)

S t a n d a r d s

adopted by customer, 245, 264,
2 7 0

AOQL, 264,265,273
changes in, 31, 158, 159, 165, 175,

178, 268
comparison with, 49, 54, 90, 91
establishment of, 34, 35, 36, 38,

46, 54, 61, 119, 122, 187, 188,
219, 221-222, 235, 264, 265,
270, 273

expressed in the form of speci
fications, 34, 62-63,119,122,
1 6 0

fixed, 49, 90-91
for inspection, 264, 270, 273
for wage incentives, 34, 46, 50,

203, 224, 226, 235
of frequency, length, width etc.,

9 0
of quality (See Quality standards)
relaxation of, 165, 167, 179
reliability of, 46, 90-91 (See Test

^uipment)
severity of, 273
tentative, 62,64,265
tightening of, 61, 62, 165, 194,

264, 273-274

to be based on a natural pattern,
35, 53-54, 56, 58, 59-61, 122,
2 0 4 - 2 0 6

used by inspectors, 268
used for p-charts, 157-159
used in quality rating, 264, 270

Standard vdues
for a control chart, 120
for measurement, 90-91

S t a t e o f c o n t r o l

(See Control)
S t a t i s t i c a l

analysis, 7-9,10,36,66-72,72-73,
78-84, 84-91, 91-101, 190-
192, 219.

(See Statistical methods; Con
trol charts)

balance, 59, 76, 93, 150, 157, 159,
170-171 (See Stability; Sta
tistical control)

correctness of charts, 190
design of experiment, 4 (See

Design of experiment; De
signed experiments)

evidence, 103,109,111-112,218
fluctuations, 5-9, 46, 173, 203
instability (See Instability)
knowledge, importance of, 9, 40,

45-47, 77, 113, 218
laws, 6-7, 9, 24-25. 123-124,

137-138, 214, 239
limits, 6-7, 16, 97, 99, 100, 107,

109, 122, 138, 151-152 (See
Control limits)

methods, 78-81, 83-84, 91, 93,
93-97, 101, 129-141, 143-
148 (See Control charts)

patterns, used in inspection, 39,
263, 274

quality control (See Statistical
quality control; also various
headings under "Quality con
t r o l " )

rules for sampling, 207, 214, 239,
2 6 7 - 2 6 8

sampling (See Sampling plans;
Shop charts)

sampling plans (See Sampling
plans)

stability (See Stability; Natural
pa t te rn)

Statistical ad t̂ion of tolerances,
1 2 2 - 1 2 7

(See also Overlapping tolerances;
Assembly tolerances)

Statistical clerks, 216, 228, 229
S t a t i s t i c a l c o n t r o l

concept of, 5-7, 9-10, 23-25, 37-
38, 149-151,170-171

importance of, 10, 35-36, 38,
45-46, 53-54, 122, 217, 219,
221

meaning of, 3, 9, 24,150, 170-171
theory of, 149-151, 170-171
(See Control; State of control)

Statistical phenomena
in laws relating distribution and

fluctuation, 6-7
seen as distributions, 6-7
seen as fluctuations, 5-7, 24-25,

46, 149-151, 170-171, 237-
2 3 8

Statistical procedures
in designed experiments, 77-117
in process capability studies, 36,

4 5 - 7 4
in process control charts, 38,187-

199, 217-219
Statistical quality control

books on, 277-278
meaning of, 3, 4
results of, 10, 36, 38, 225-226
suitable areas for, 33-34, 66
{See Quality control)

Statistical Research Group, Colum
bia University, 278

Statistical sampling inspection, vii,
4, 38-39, 237-265, 267-271

advantages of, 187, 233-236
by variables, 262
compatible with emphasis on

process control, 39, 187, 224,
227, 233-236, 244, 245-246,
265, 273-274

economy of, 39,226,236,239,244,
265, 273-274

explanation of, 38-39, 237-239
information furnished by, 268-

269, 271
not to be substituted for control

by Operating, 39, 216, 233-
234, 265, 274

precautions in dealing with, 39,
245-246, 254-255

using control charts, 262-263,273-
2 7 4

{See Insi^tion; Sampling in
spection; Sampling plans)

S t a t i s t i c s
as background of control charts,

5-7, 9, 24r-25, 82, 83, 131,
137-138, 149, 151

as background of sampling in
spection, 237-238, 238-242

based on the Law of Large
Numbers, 6-7

books on, 277-278
plotted on control charts, 23, 137,

138, 151, 197, 198
Stevens, W. L., 262,278
Stock (of material), 152, 153, 156,

246, 260
Stop (on a machine), 57
Storage

of product, 246, 260
of shop charts, 192, 207, 228-229

Storeroom, 164,167,171,254
{See Storage)

Straightedge, used to check plotting,
2 1 5
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stratification, 11, 28, 29, 53, 54, 57,
83, 111, 150, 155, 157, 161,
165, 170, 172-.174

Strength
of solution, 152
of welds, 12, 57

Str ik ing out
of duplicates, 112
of identification, 108

Strip (of stock), 156, 163
Studies of a process

(See Process capability studies;
Engineering studies)

Subassemblies, 4,167
Subcomponents, 4, 55
S u b d i v i s i o n

of data, 36, 55, 72, 75, 166, 218
of scale on a c-chart, 72

Subgroups, rational, see rational
subgroups

Subsequent operations, 164, 189,
2 6 4

Substitute jig, 212
S u b s t i t u t e s

for control charts, 41
for designed experiments, 76-77,

9 1 - 9 2
for process control, 39
f o r s t a n d a r d f o r m s o f c o n t r o l

chart, 197-198
Subtraction, error in, 162, 163
Success of control charts, 202, 213,

214, 215
Success of experiments, 10, 38, 75,

77,101,112, 220
Success ive

pairs of samples, 108,109
ranges (jSee Moving range)

S u d d e n
breakdown in process controls,

2 7 3
change in level, 53, 54, 55, 56, 111,

152, 161, 174-175
Sui tab i l i ty

of an instrument, 85, 88
of areas for applying statistical

quality control, 66
of a specification, 34, 35, 48, 187
of control chart tests, 28, 182,

183
of inspection levels, 264, 273-274
of inspection plans, 236, 246,254-

255, 264-265, 273-274
of measurements, 49,113
of process controls, 61-65, 187,

189-190, 227, 233
Summary

condensed, 229
control charts, 221-222
in form of "i" chart, 197
of a job, 48, 188,229
of conclusions, in an experiment,

lOO-lOl, 111-112
of cost reduction cases, 226

of open items in control chart
audits, 227

of results, 224-226
of tests for unnatural patterns,

27,183,208
"Sum and range" charts, 197
Summing across a variable, 99, 106,

107, 109
Sums of squares

compared with control charts,
97, 98,101,106

in analysis of variance, 80-81,93-
9 7

in correlation, 145
in error of measurement, 89

Supervision, 164, 169, 178
Supervisors

(See Operating supervisors; In
spection supervisors)

Suppliers
as a variable, 4, 36, 55, 153, 162,

2 0 7
contacts with, 40, 219, 223, 224
material returned to, 254,261
of assemblies, 4, 260
of parts, 174, 207, 260
quality record of, 39

Surface conditions, 168, 219
Surveys, 34,227, ilO

(See Audits)
Switchboards, 3
Switches, 3, 66-72, 206, 209
Symbols

for attributes control charts, 17,
20,21

for boxes in a designed experi
ment, 98, 99, 109

for c-charts, 21
for inspection plans, 238, 240,

246,249,251,256,259
for moving range control charts,

2 1
for np-charts, 20
for p-charts, 17
for w-charts, 21
for ^ and R charts, 12
translated into original data,

45, 100, 108
used in plotting experiments, 108,

1 0 9

Symmetrical non-normal distribu
tions, 134

(See Non-normal distributions)
Symmetry, 28, 57, 131, 183, 191
System

lack of, in a natural pattern, 24,
161,175 (See Random fluctu
ations)

for applying quality control,
3 3 - 3 4

Systematic variation (or systenaatic
variable), 11, 29, 53, 54, 150,
161, 161-162, 175-176

Systems of causes
constancy of, 6-7, 9, 83,150,170-

171
definition of, 3-4, 34-36, 45, 150-

151, 170, 171
difference in, 52
selective, 156

T

calculation of, in estimating per
centage, 58, 59,127 ,133,134,
135, 136

calculation of, in testing correla
tion coefficient, 146, 147

calculation of, in <-test, 80
meaning of, 197
use of, in quality rating, 197
(See ^Test)

Tables for statistical clerks, 229
Tables of sampling plans, 247-248,

250, 253, 258
T a i l

of distribution (See Shape; Per
centage out of limits)

of OC curve, 244
Talks to operators, 201-202, 223,

226 (See Meetings)
Tank, 152
Taper, 90, 223, 226
Target value in a sampling plan,

2 5 4 - 2 5 5
<-Chart, 197
Teachers, 146
T e a m s

(See Quality control teams)
Technical knowledge, 40, 54, 75,

114,177,218,219,223-224
Te c h n i c a l t e r m s

for attributes charts, 17, 20, 21
for variables charts, 12, 21, 198
general, 3, 6, 11, 12, 29, 34, 45-

46, 50, 61, 74, 129-131, 137,
139, 144-146, 149-152, 167

related to experiments, 76, 87,
90, 101, 103, 104, 106-107,
167

related to inspection, 233-235,
238, 244, 245, 247, 249, 261,
256, 259, 267, 273-274

related to process control, 36,
194, 195, 205-207, 229

(See Definitions; Symbols)
Techniques

for classification of data, 54-56,
166

of operators, 30, 204 (See Work
habits)

used in quality control, 4, 33-41,
78-84, 93-97, 97-101, llO-
111, 143-148, 278
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Temperature, 6, 11, 21, 47, 102,
104, 114, 117, 152, 162, 164,
167, 178, 189

Temporary skewness, 56-58
{See Skewness)

Tendency to follow (said of a con
trol chart), 11, 16, 29, 53, 54,
70, 84, 153, 156, 161, 176-
177, 219, 223

{See Ck)rrelation)
Tentative standards, 62, 64, 265
T e r m s

{See Technical terms)
Test equipment, 3, 38, 46, 47, 113,

156, 159, 174, 175, 178, 180,
218, 246

Tes t i ng
as a form of measurement, 218
as a process variable, 46, 53, 113,

152, 153, 154, 155, 158, 159,
162, 165, 166, 167, 168, 171,
174, 175, 178, 180, 215, 218
{See Error of measurement)

destructive, 188, 197
statistical {See Tests)

Tests (statistical)
based on runs, 23-30, 180-183
based on zones, 23-30
control chart, 23-30, 99,100, 107,

109, 180-183
for constancy, 25-28, 78
for normality, 78-79, 133-134
{See Tests for unnatural pat

terns)
Tes t se t s

as a process variable, 10,47,49,53,
113, 154, 167, 171, 174, 175,
218, 219, 224, 227

calibration of, 153,159, 165
drift in, 90, 178
inspection of, 227
maintenance of {See Mainte

nance)
needed for productive work, 246
used as a standard, 91
{See Test equipment)

Tests for unnatural patterns, 9,
23-30, 83, 100,107, 109,180-
183, 208-209, 213, 215

background of, 25 (footnote),
1 8 0 - 1 8 3

calculation of, 25, 28, 180-183
description of, 23-25
directions for, 25-30
for ranges of samples of 2: 83,

1 8 2 - 1 8 3
for unsymmetrical control charts,

28, 182-183, 191
importance of, 23, 25, 53, 83,

100, 192, 213, 215, 217, 218,
2 2 7

one-sided, 25-28,182
probabilities used in, 180-183
summary of, 27,183

theoretical basis for, 23-25, 180-
1 8 3

two-sided, 28, 182
used in designed experiments,

99,100,107,109
used in inspection, 262-263
used in process capability studies,

53, 66-73
used in the shop, 203-206, 208-

209, 212-213, 215, 217-219,
2 2 7

Tests for significance
{See Significance)

Theoretical curve fitted to data,
1 3 9 - 1 4 1

Theory
of control charts, 5-7, 7-9, 23-25,

34r-38,53-56,66-71,149-180,
1 8 0 - 1 8 3

of control limits, 7-9, 16, 23-25,
132,138,149,151-152

of designed experiments, 75-77,
83-84, 84-85, 101-106

of distributions, 6-7, 23-24, 123-
124, 129-138

of process capability studies, 35-
36, 45-47, 53-56, 61, 75-76,
11 2

of sampling inspection, 38-39,
2 3 7 - 2 4 5

of shop charts, 36-38
T h i c k n e s s

of plating, 92,93,101
of stock, 152

Third order interaction, 105, 106
T h r e a d s

{See Screw threads)
Three factor experiment, 89, 90,

11 0
Three sigma control limits

as basis of tests for unnatural
patterns, 25 (footnote), 180
{ S e e Te s t s f o r u n n a t u r a l
patterns)

as test of significance, 25 (foot
note), 78-81, 96-97,107,180,
2 7 8

compared with other control
limits, 100,107,109

in an experiment, 99, 100, 107-
108

on a control chart, 9, 25 (foot
note), 25-27, 56, 61, 71, 99,
100, 107-109, 122, 132, 138,
151, 181,182,195, 196

{See Control limits)
Three year old program, 225
Tightening of standards, 165, 175,

1 7 8
Tight inspection

as an inspection level, 233, 246,
247, 264, 273, 274

in Mil. Std. tables, 247-248
used as a basis for other inspec

tion levels, 273-274

{See also Emergencies)
Tightness

of AOQL sampling plans, 251,252,
2 7 3 - 2 7 4

of assemblies, etc., 70,126-127
of limits, 61-63, 188, 202, 204-

206 {See Tolerances; Speci
fications)

of quality requirements, 264, 273
T i m e

allowed for cooling, 69
as a basis for arranging points

in sequence, 149, 151, 160
as a basis for rational subgroup-

ing of data, 76, 149, 151,
192, 207, 214

as a variable, 76, 78, 84,149-151,
152,153,162,166,168,178

as related to causes, 56,69,162
available for making product, 71,

203 {See Efficiency)
covered by a process capability

study, 50, 66, 76
engineering, 63-64, 77, 92, 246
of check, 190, 192, 207, 214
{See Checking intervals)
of day, 49, 114, 162
requir̂  for determining process

capability, 63, 72
savings in, due to process control

charts, 38,71,203,225
spent on repairs, 38, 225, 226
to identify causes, 217, 219
to select samples, 49, 51, 190,

192, 207, 214
used as a means of tracing cycles,

69, 162
waste of, 66, 77, 92, 225, 246, 262
(See Delays)

T i m e i n t e r v a l
between charts, 218,223
between checks, 192
between cycles, 69,162
between reports, 33,224,225
between samples, for inspection,

262, 274
required for processing, 71, 203,

218, 223
{See Intervals)

Time lag, 218, 223
Time for development of a quality

control program, 33-34
Time on the job, 72-73

{See Experience)
Timing device, 70,167,180, 235
Tin, 215
Tired operator, inspector etc., 155,

162, 236
Tolerances in the shop, 61-63, 202

{See Specifications; Statistical
addition of tolerances; Natu
ral tolerances)

To o l s
as a variable, 10, 55,158,168,176,

2 2 4
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capability of, 35,46
changes in, 63, 175,179
comparison of, 46
design of, 62, 121, 155, 169, 212,

2 1 9
in need of maintenance, 162, 180
inspection of, 227
life of, 23
modification of, 203,212,213,219,

2 2 4
suitability of, 203 {See Design;

Re-design)
wear of {See Toolwear)

To o l w e a r
as a process variable, 10, 53, 61,

62, 150, 153, 162, 178, 220
Torrey, M, N., 277
"Totd and range" charts, 197
Total probability associated with

statistical tests, 25 (footnote),
182, 183

Totals (used in analysis), 81, 94,197
Tracing of cycles, 69, 70, 161-162
Traffic conditions, 216
Tr a i n i n g

as a variable, 72-73,203,221
for quality control, vii, 23, 33, 97
of engineers, vii, 23,33,97
of inspectors, 267-271
of machine setters, 201, 203-204,

2 1 8
of management, vii, 23,33
of members of the Quality control

team, vii, 23, 33, 97, 223-224
of operators, 30, 31, 35, 37, 46,

55, 72-73, 155, 158, 164,167,
168, 169, 175, 180, 201, 203,
204, 212, 221

of process checkers, 41, 192,
201, 205-209, 213-216, 217,
219, 224, 227

of quality control engineers, vii,
23,33,97

of shop people, vii, 201-202
of statistical clerks, 228-229
of supervisors, vii, 23, 33

Training manuals, vii, 23, 97
on quality rating, 264, 273, 278

Trays, 214
Trend arrangements, 56,75
Trends, 9, 10, 11, 29-30, 53, 54,72,

152,160-161,170,177-179
as evidence of correlation, 143-

1 4 4

compared with "gradual change,"
1 6 4

estimating from, 55, 56, 60
followed by operators, 203
in defects, 159,189

Trial and error methods, 76, 77,
9 1 - 9 2

Triangular distribution, 138
Tripling of AOQL's, 273

Trouble board for charts, 209, 218
T r o u b l e s

associated with certain character
istics, 188

at 450 cycles, 48
beginnings of, in the shop, 37-38,

202,217
chronic, 10, 37-38, 188,202
diagnosis of, 11, 36, 188, 202, 217
in meeting schedules, 37, 46, 226

(Sec Output; Delays)
in the shop, 34, 35, 36-38, 187-

188,189-190, 219
location of, 51, 188, 190,202,217-

2 1 9

(See Early operations)
machine, 16, 48,202,203-204
operations free from, 264
operator, 16, 17, 30, 36, 48, 49,

55, 57, 61,68, 70,72-73,152,
171, 178, 188-189, 203, 215,
217 (See Carelessness)

periods of, in the shop, 187, 188,
202, 246, 273

production, 11, 34, 35, 37-38, 46,
48, 66-72, 91, 122, 187-188,
217-219, 220, 224, 226, 273

shown by control charts, 37-38,
2 0 2 - 2 0 6

shown by patterns out of control,
1 8 9 - 1 9 0

sources of, 46, 51, 187-188, 190,
202-206,217-219,220

unknown causes of, 4, 10, 36, 48,
55, 68, 75, 188, 218, 219, 220

unpredictable, 54,187,202
with process, 66-72, 204, 206,

217-219,220-221
with specification, 122, 204, 205,

2 0 6

Troughs, 162
Trucking, 246, 261
T r u n c a t i o n

of a distribution, 57-58, 141, 154
of the inspection of a sample, 261
of the taking of samples, 259
(See also Sorting; Screening;

Curtailed inspection)
< - Te s t

for comparing averages, 78, 80,
82 ,83

for estimating percentage outside
of limits, 58-59,127,132-133,
1 3 5 - 1 3 6

for testing correlation coefficient,
1 4 6

Tubes, 3, 4, 224, 225
Tweezers, 168, 209
"Twenty one himdred" organiza

tion, 224, 225
Two-headed distr ibut ion

(See Bimodal)
Two-sided tests, 107,182

Types of control chart, 10-11, 47-
49, 188-189, 197-198

of specifications, 119
Typing, 3

u

U, 21
w-Charts, 21, 191
Ultimate causes, 150,166,171
U l t ima te numbe r o f cha r t s , 38 ,

189, 225
Unanalized interactions, 168
Unbalance, 24, 57 (See Balance)
Unbiased samples

in a designed experiment, 85, 90,
93, 111, 113, 114r-116, 116

in a process capability study, 49,
50, 51, 52-53

in sampling inspection, 239, 257,
260, 261, 262, 267-268, 269

in the shop, 190, 192, 207, 209,
213-214, 215-216, 219, 227

Underlying distribution (or uni
verse), 6,131,137,170,171

(See appropriate portions of pages
161-180)

Uneconomical
inspection, 234, 246, 260-262,

273, 274
requirements, 10, 34, 35, 36, 48,

62-63, 65, 187, 188
results, from lack of control, 189,

217, 219, 233, 265, 273-274
size of sample, 191, 260

Unevenness of surface, 156,168
U n fi n i s h e d

business, 120-121,235-236
capability studies, 36, 45, 47, 63,

66, 72-73, 75-76, 120
Uniformity

in shop practices, 41, 192, 223,
227, 236

of a process, 170,175
of material etc., 155,167
of random variation, 103
shown by R chart, 30,154

Unimodal distributions, 134-136,
1 7 0

(See Normal distribution)
Uninterpretable patterns, in a proc

ess capability study, 66-67
(See Patterns)

Union representatives, 202
Unison, points moving in, 29, 156,

1 7 6 - 1 7 7
United States Dept. of Defense, 278
United States Dept. of Navy, 278
United States Govt. Printing Office,

242,247,248,275,278
U n i t s

experimental, 163, 180
group of, in a sample, 20, 191
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Units, continued
number of, in a sample, 17, 18, 20,

66, 191 {See sample size)
of product, 6, 153, 156, 163, 165,

172, 173, 175, 218
Universe, 131, 137

{See Sigma prime; Underlying
distribution; Parent distri
but ion)

U n k n o w n
areas in research, 4
causes of trouble, 10, 35, 38, 54-

56, 66-68, 91-92, 155, 157,
159, 161, 166, 187, 188, 202,
217, 218, 219

methods and processes, 34, 46-47
value of sigma prime, 131
variables (in engineering), 10,

33, 34, 35-36, 38, 51, 55,75-
76,112, 220

Unloading, 246
Unnatural patterns

analysis of, 9-10, 34, 35-36, 54-
56,66-72,83,87-89,100-101,
161-180, 190, 217-219, 223

background of tests for, 25 (foot
note), 180-183

characteristics of, 25
complex, 54, 54-56
importance of, 34-36, 47, 54,168,

171, 194, 204, 217, 221
information from, 11, 33, 35-36,

37,54-56,66-73,83,150-151,
159, 221

list of, 11, 54, 161
meaning of, 6, 9-10,11,16,19-20,

25, 30-31, 35-38, 53, 54-56,
59-61, 66-72, 83, 87-89,100-
101, 107, 109, 112, 116-117,
149-180, 190, 196, 203-206,
208-209, 212-213, 215, 217-
219, 223, 227, 229

not necessarily undesirable, 35-36,
54,150-151,171

simple, 54, 56, 72
simplification of, 36, 53, 54-56,

66-70,72-73,75,166,179
tests for, 23-30, 100-107, 109,

1 8 0 - 1 8 3
{See Tests for unnatural patterns)

Unnatural variation, 5-6, 9, 34-36,
37-38, 54-56, 159, 221

{See Variability; Variation; Un
natural patterns)

Unnecessary
control charts, 38, 41, 189-190,

199, 219, 223, 227
delays, 33, 187, 202, 217, 246, 262
rejection, 246, 254-255, 264, 265,

2 7 3
specifications or requirements,

36,62,65,187,188
Unpredictability

of an individual observation, 6-7
{See Random fluctuations)

of a process when out of control,
54, 59-61, 141, 219

of trouble in the shop, 187, 188
U n r e a s o n a b l e

inspection plans, 246, 254-255,
261-263, 264

number of causes, 190
number of characteristics on p-

chart, 17, 48, 59, 157, 159,
1 9 0

number of items covered by sam
pling plan, 263

relationships, 56, 146, 176
specifications, 36, 48, 62-63, 65,

122, 125, 187, 188, 204 {See
Changes)

width of control limits, 73, 166,
1 7 2 - 1 7 3

U n r e l i a b l e
averages, 60, 61, 83, 153, 154
equipment, 180
holding devices, 10, 69

Unsatisfactory
product, 217, 237-239, 244, 245,

262, 273
suppliers, 39

Unshaded boxes (or squares), 97,
106, 107, 110, 111

Unsolved problems, 4, 38, 47, 52-
53, 63, 75-76, 120-121, 188,
2 3 5 - 2 3 6

U n s t a b l e
equipment, 180
patterns, in a breakdown of data,

55,166
patterns on a p-chart, 159
product, 46, 90
testing equipment, 156, 157, 178,

1 8 0
U n s t a b l e m i x t u r e s

analysis of, 55, 68-69, 166-167,
1 7 9 - 1 8 0

elimination of, 68-69, 166
importance of, 54, 68-69, 75,

155, 166, 179
nature of, 54, 150, 166-167, 169-

170, 179-180
{See Mixtures)

Unsuspected changes, 10, 55, 68,
114, 218

Unsymmetrical control limits
effect of, in testing for unnatural

patterns, 28, 83, 182-183,
191

on p-chart, 20,28,183,191
on R chart, 28, 83, 182-183, 191
tests associated with, 182-183

Unsymmetrical distributions, 134-
136

{See Skewness)
Unsystematic procedures, 180
Unwanted variables, 37,77,114
Up-to-date

audits, 41, 219, 223-224, 227

plotting of shop charts, 208, 214,
2 2 7

records, 189, 224-225, 227, 228
Usability of charts, 190, 192, 199,

214-215,219,228
User of product, 245, 246, 254, 264,

2 7 0

V

Values used by clerks, 229
Variability

analysis of, in a designed experi
ment, 82-83, 85-89, 93, 94-
97,98-111,168 {See Designed
experiment; Residual)

analysis of, on a control chart,
15-16, 19, 22-23, 23-30, 36,
37, 53-56, 59-61, 66-72, 72-
73, 168, 180, 194, 203-206,
212-213, 218

between measurements. 111 {See
E r r o r )

comparison of, 78, 79-80, 83, 88-
89, 93-97, 99 {See F-test;
BartletUs test; R chart)

difference in, in portions of an
experiment, 90, 111

importance of, 5-7, 75, 90, 114,
153, 154-155, 168, 195, 218
(/Sfse R chart)

meaning of, 5-7, 35, 75, 168
measures of, 129-131
of measurements, 87, 88, 89 {See

Precision of measurement)
of product {See Spread)
positional, 89-90
sources of, 35, 36, 54r-56, 75-76,

92-93, 94, 98, 166, 168-169,
179, 187-188, 190, 218-219
{See Sources)

total, 35, 45, 75-76, 80, 89, 93,
95, 123, 125

{See Variation; Dispersion; Proc
ess spread)

Variables acceptance plans
{See Variables sampling)

Variables (in an experiment)
appearing in R chart, 83, 87-

89,100,109
appearing in X chart, 83, 87, 89,

1 0 0
held constant, 114
identification of, 92, 99-100,108-

1 0 9
interaction between, 36, 75, 77,

93, 94-96, 98, 99-101, 104-
106, 107, 168-169

introduction of, 92-93,101-102
randomizing of, 114-116
removal of, 102-103,105,106
selection of, 77, 89, 91, 92, 113-

11 4
selection of, for plotting, 99, 108
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simplification of, 106
studied in combinat ion, 89-90,

93, 94-97, 100-101, 104-106
{See Interactions; Designed ex

periments)
Variables (in a process)

analyzed in a process capability
study, 66-72

comparison of, 4
covered by notes on a control

chart, 53, 66-67, 208-209,
212-213, 215, 217, 221

definition of, for statistical clerks,
2 2 9

dependent, 145
elimination of, 37-38, 55, 66-68,

217, 219
erratic, 37, 69, 166-167, 179-180
importance of, 72
independent, 123, 145, 177
information on, 35, 36, 53, 54-56,

218,221
interactions between, 167-169
knowledge of, 11, 16, 19-20, 34,

35, 49, 54, 55, 59, 157, 189,
202, 212-213, 215, 218-219,
221, 22^225

large, 6, 55, 69
masking effect of, 69,169
ordinary, 71 {See Shop-type)
production, 35,37,38,71
represented on a control chart,

72-73, 76,149,150-151
selection of, for simplifying pat

terns, 55,66-68,72
shop-type, 35, 37, 38, 71, 72,

212-213, 220
{See also Process elements; Job

knowledge; Information)
Va r i a b l e s c o n t r o l c h a r t s

examples of, 5, 8, 14, 15-16, 65,
67-71,82, 85, 87-88, 99,120-
121, 203-206, 212

importance of, 11, 15-16, 47, 48,
1 8 8

where to use, 12, 48, 188
(See X and R charts; Charts for

i n d i v i d u a l m e a s u r e m e n t s ;
Individual numbers)

Va r i a b l e s d a t a
advantages of, 11,47-48,113,160,

188, 189, 218
examples of, 6, 8, 9,10,12,14, 22,

78, 84, 86, 92, 137, 141, 144.
1 4 7

fo r a cha r t o f i nd i v i dua l measu re

ments, 22-23, 160-161
for an ^ and R chart, 12,14,15-

16, 53-59, 66, 82, 86, 107-
111, 152-156

substitutes for (semi-variables),
12, 49-50, 113

used for acceptance sampling
{SeeVariables sampling plans)

used in engineering studies, 48,
66-72, 119-127

used in shop charts, 65, 188, 191,
194, 195-198, 203-206, 209,
210, 212, 215, 225, 227-229

Variables measurements, 6,8,12,14,
21-22,47,78,84,92,139,147

{See Variables data)
Variables sampling plans, 188, 242,

262, 265, 277
Va r i a n c e

additive property of, 49, 80-81,
89, 93, 95-97, 110, 124

analysis of {See Analysis of
variance)

as a measure of spread, 124, 129,
1 3 0

calculation of, 130
components of, 80-81, 89, 95-97,

9 8
equivalence of, 78-80,82,83
sources of, 92-93, 94-97,98, 101-

106
{See also Variability; Standard

deviat ion)
Va r i a n c e r a t i o

tables of, 79, 93, 277
tests for, 78, 79, 81, 96-97

Variation in a process, 5-6, 35, 37,
53-54, 56, 61, 63, 64, 66, 72,
92, 137, 187-188, 203-206,
217-218, 220

initial, 35
natural or unnatural, 6, 9,11,24-

25, 35-36, 37, 45, 75-76, 150
total, 35, 45, 75, 76, 80, 93, 95,

123, 125
{See Fluctuations; Variability)

Varying size of sample, 18, 19, 20,
163, 180, 191

V e r i fi c a t i o n
of Operating results, 274
sampling, 268,274

Vertical welder, 213
V i s u a l

comparison of numbers, 78
impressions of changes, 10, 160,

161, 164, 178, 179, 190 (See
Apparent)

Visual checking, 4, 190, 209, 216,
268, 270

Visual standards, 49-50, 216, 268
Voltage, 21,157,162,164
Voltage range, 157
Voltage regulator, 10
Voltage supply, 48
Volume of cubes, 57

w

Wage incentive engineer, 50, 54,
56-61,224,225,227,235-236,
265, 273-274

Wage incentives, 34, 46, 54, 202,
203, 224, 225, 226

{See Standards; Efficiency;
Allowances)

Walls, 192
Warm-up of equipment, 37
Warpage, 57,113,156, 167, 168
Wash tank, 50
Waste of time, 66, 77, 92, 246, 262
Water for washing parts, 50
W e a r

of a bearing, 16
of a tool, 10, 53, 61, 62, 150, 153,

162, 178, 220
of guides and locators, 19
of lapping plates, 167
of threads, 10, 162

Weaver, W. R., 101, 277
Weekends, 37, 162, 189
Weekly samples, 189,191, 192
W e e k s

between samples, 192
data for, 189, 191
of service, 72,73

Weighted fraction defective, 198
Welder, 209, 213
Welding, 5, 7, 8, 9, 10, 11, 12, 57,

212, 213
Western Electric Company, vii,

23, 25,33, 91, 92, 93, 97,100,
101, 122, 233, 254, 264, 267,
270, 278

Westman, A. E., 101, 278
W i d t h

of a groove, 119
of control limits, 72, 73, 194
of control limits, in a designed

experiment, 99-100, 107-109
standards of, 90

"Wild" units, 156
{See Freaks)

Wilks, S. S., 278
Winding tension, 153
Wire, 4, 20, 162, 191, 209
Wired equipment, 3-4, 17, 20-21,

191
Wired panels, 20, 72-73,191,192
"Within sample" causes, 150
W o r k

done by machine setter, 203
interference with, 187, 202, 246
loads, 227
productive, 77, 246
saving of, 57, 77, 203
source of, 261
spoiled by operator, 214
waiting for, 50

Workers, earnings of, 22
{See Operators)

W o r k h a b i t s
of operators, 4, 10, 30, 38, 62,

72-73, 167, 202, 219
of people in the shop, 10, 50, 158,
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Workmanship, 12
Workmanship standards, 268
Work patterns

(See Work habits)
Work sampling, 50
Wrong

conclusions, 49, 61, 66, 67, 77, 80,
81, 84, 92, 112, 117, 125, 134,
138, 141, 146, 153, 157, 159,
160, 163, 166, 172, 175, 178,
190, 194, 203-204

distribution, 46, 119, 265
setting, on a machine, 16, 188,

202, 203, 217

X

X, 12, 14, 21, 129
X, 12, 14
^ and E charts

action on, 16, 67-72, 203-204
advantages of, 11, 16, 48, 113,

189, 190, 198, 203-206
amount of data required for (in

engineering studies), 50, 52,
90, 92

analysis of, 66-72
as a form of specification, 119
as a measure of percentage, 56,

58-59, 127
as a measure of process capability,

45, 46
calculations for, 14
centerline for, in the shop, 64,

193-195, 195-196
characteristics to be plotted on,

12, 48, 188
compared with p-charts, 11, 48-

49, 113, 188-189, 190, 218
compared with specification, 13,

16, 30-31, 48, 54, 56, 58-59,
61-63, 64-65, 71, 119-122,
195, 196, 204-206

construction of, 12-13
control limits for, in the shop,

194-195, 195-196
data sheet for, 210
examples of, 15-16, 65, 67-71, 82,

85, 87, 88, 99, 120-121, 144,
153-154, 203-206, 212

explanation of, 11,152-156
factors for, 12
importance of, 11, 16, 48, 53-54,

56, 58-59, 82,83, 87-89,100-
101, 119-122, 126, 127, 131,
144,160,189,198

in designed experiments, 82-83,
84-89, 93-101,107-109, 110-
111, 113

in engineering studies, 48, 50, 53-
56, 58-59, 59-61, 64, 66-72

interpretation of, 15-16, 30-31,
53-56, 66-72,83, 87-89,100-
101, 152-156, 190, 198, 203-
206, 212, 218-219

interpretation of, in a designed
experiment, 100-101

in the shop, 189-190, 203-206,
2 1 2 - 2 1 3

joint interpretation of, 16, 30-31,
156, 176-177

measurements for, 11,12, 50, 113,
1 9 8

patterns on, 11, 53, 54-56, 83, 87,
1 6 1 - 1 8 0

plotting of, in a designed experi
ment, 99, 107-109

proportion of, in the shop, 189,
198, 225, 227

samples for, in the shop, 191
scales on, 13, 51
sensitivity of, 11, 16, 48, 83, 189,

2 1 8
simplification of, 54-56, 66-72,

166, 179
substituted for a p-chart, 48, 113,

198, 218
substitutes for, 197-198
sjonbols for, 12
used for correlation, 144
used for plotting percentage data,

113, 198
where to use in, general, 12, 48,

1 8 8

_ where to use, in the shop, 188
X c h a r t

causes on, different from E chart,
11, 16, 48, 54-56, 66-71, 83,
87-89, 100, 109, 153, 156,
203-206 (See appropriate
portions of pages 161-180)

construction of, 12-13
control limits on, 13, 28, 138
correlation on, 144,156,177
cycles on, 69, 70,
fluctuations on, 67, 69, 203, 206
freaks on, 70, 163
interaction on, 99, 168
interpretation of, 16, 30-31, 66-

71, 87, 89, 91, 100, 109, 152-
154, 170, 203-204

interpretation of, in an error of
measurement study, 87-89,91

method of indicating specified
limits on, 13, 30-31, 190 (See
Arrows)

mixtures on, 171, 179
substitutes for, 197-198
tests for, 109, 180-182
theory of, 137-138, 151
variables appearing in, 100,109

"Z" charts, 198
^ points

calculation of, 12, 14, 82, 86, 109,
162, 215

in a designed experiment, 109
x*a

importance of, 23, 25, 27, 52, 168,
195, 218

marking of (See Marking x's,)
on the low side of an E chart, 67,

70, 166, 168, 195
showing clarity of pattern, 67-68

Y

Yates, F., 101, 277
Yields, 4, 10, 31, 46, 61, 62, 91, 92,

101, 121, 157, 189, 193, 217.
2 2 5

(See Losses)
Yule, G. U., 278

z

Zero correlation, 146
Zero variation, 101-103, 104, 105,

171

Zig-zag pattern, 5, 23, 237-238
Zone tests, 25-30, 180-18
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