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BA THREADS (British Association)

Dimensions in inches axcept where marked

B:SW. THREADS (British Standard Whitworth)

Dia

V18°
33"
s

532"
316"
Pk
L

518”

mne”
(7
e
5/8°
110
3/
13/16°
18
15/16°
1
118"
118
13/8°
12
15/8°
13/8°
1/8°

Threads
per inch
25.38
2825
31.36
34.84
3846
43.10
41.85
5291
59.17
64.94
1246
81.97
90.91
102.0
1098
1205
1333
1493
1695
188
2128
226
2564
285.7
336

OQutside
Dis
..0625
0937
125
L1562
1875
2187
.250
3125
35
4375
500
5625
625
6875
.750
8125
875
9375
1.000
1128
1.250
1315
1.500
1.625
1.750
1.875
2000

Outside

Dia
2362
.2087
1850
1614
1417
-1260
noz2
0884
.0866
0748
0663
0591
051
0472
0334
0354
0311
0216
0244
0213
0188
.0165
0146
0130
0114

Coro
Dia
0412
.067
093
162
Bk
1653
.186
2414
.295
346
.3933
4558
.5086
sm
6219
6844
32
1952
8399
942
1.067
1.1616
1.2866
1.3689
14839
1.5904
1.7154

Core
Dia
1890
.1663
.1468
a2
1108
.0980
0852
0758
.0664
.0564
0503
0445
0375
.0354
0284
0254
0221
0196
0174
0147
0133
03
0100
.0088
0076

Threads
per inch

80
48
40
32
24
4
20
18
16
14
12
12
n
n
10
10

9

FRFovoovvso

s o

Pitch

0394
0354
0318
0287
.0260
0232
0209
0189
0169
0154
.0138
0122
010
.0098
.0091
.0083
0075
0067
.0059
0055
0047

.0039
.0035
.0031

Pitch

0167
.0283
0250
03125
04167
04167
.0500
0556
0625
JALK]
.0833
.0833
.0909
.0903
1000
.1000
Am
am

1428
1428
1667
1667
.200

.200

2222
2222

Depth

0236
0212
0191
0172
0156
0138
0125
013
.0101
.0082
.0083
0073
.0066
0059
0055
.0050
0045
.0040
.0035
.0033
.0028
0026
.0023
0021

0013

Depth

0107
0133
016

020

0267
0267
032

.0356
.040

0457
.053¢
0534
.0582
.0582
.0640
0640
om
om
.0800
0915
0915
1067
1067
1281
1281
1423
1423

Radius

.0023
.0028
.003¢
0043
0057
.0057
0068
0076
0086
.0098
0114
.oneg
0125
0125
0137
03
.0153
0153
0172
0196
0196
0229
0229
0275
0215
.0305
.0305

Tapping
Drill

5.1mm
45mm
4.0mm
3.4mm
3.0mm
265mm
23mm
2,05 mm
1.8 mm
1.65mm
1L4mm
1.2mm
1.05mm
.98 mm
/32"
amm
&mm
Smm
45mm
/68"
35 mm
32mm
.28 mm
25 mm
22mm

Tapping
Drill
1.25mm
1.95mm
2.55 mm
18"

37 mm
4.5mm
5.1 mm
6.5 mm
5/16"
9.3mm
10.5mm
12.1mm
13.5mm
15.26 mm
41/68°
18.0 mm
19.25 mm
21mm
22mm
2475 mm
1332
31 mm
33.5mm
36.5mm
39.0mm
415mm
44.5mm

Clearance
Drilt
"
55mm
43mm
1/64°
38mm
34mm
30mm
27 mm
3/32°
2.1 mm
1.8mm
116"
145 mm
1.3mm
1.1mm
98mm
88 mm
.18 mm
.68 mm
62mm
56 mm
Smm
A5mm
38 mm
.35mm

Clearance
Drill

1.85 mm
26mm
35mm
43mm
5.1mm
59mm
6.7mm
83 mm
25/64°
11.5mm
33/64°
14.75 mm
16.5 mm
18.0mm
19.5mm
21.25 mm
2275 mm
24.25 mm
11/32°
15/32°
19/32°
113/32°
1132
121137
125/32°
128/32°
2132
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BRITISH STANDARD CYCLE SCREW THREADS

Size

16
15
4

3167
mr
11
17/64°
932"
5/16°
b
me*
me*
i3
3
96"
916"
58
518"
1ns*
nng"
e

Threads
Per Inch
56 RH
56 RH
56 RH
56 RH
56 RH
40 RH
44 RH
40RH
32RH
40 RH
32RH
32RH
26 RH
26 RH
26 RH
26 RH
26 RH
26 RH
26 RH
20 RH
26 RH
20 RH
26 RH
20 RH
26 RH
20 RH
26 RH
20 RH
26 RH
20 RH
24 RH
30 RH
24RH
26 RH
24LH
24 RH
21LH
26 RH
26LH
24LH
24 RH

Outside

Dia
0735
.0815
.0895
1015
135
1250
1280
413
1562
1573
1766
.1878
.2188
2500
.2656
.2813
3125
.3750
4315
4315
5000
.5000
5625
5625
6250
6250
.6875
6875
7500
L7500
8750
9688
1.000
1125
1.290
1370
1370
1.450
1.450
1.562
1.625

Core
Dia
0545
0625
0708
0825
0945
0984
1038
ey
Rral
1307
1434
1543
s
2030
2246
.2403
2N5
.3340
3965
3843
4590
4468
5215
.5093
5840
S8
6464
.6343
1091
6969
8306
9332
9556
1.0840
1.2456
1.3256
13286
14090
1.4080
15181
1.5806

Pitch

0179
0179
0179
0713
0179
0250
0227
0250
0312
.0250
0312
0312
0385
0385
.0385
.0385
0385
0385
0385
.0500
0385
.0500
0385
.0500
0385
0500
.0385
.0500
.0385
.0500
0417
.0333
0417
.0385
0417
0417
0417
.0385
.0385
0417
0417

Depth

0085
0035
0095
.0085
0095
0133
0
0133
0166
0133
0166
.0166
0205
0205
.0205
0205
0208
.0205
.0205
.0266
0205
0266
0205
0266
0208
.0266
0205
0266
0205
0266
0222
.08
0222
0205
0222
0222
0222
.0205
0205
0222
0222

Radius

.0030
.0030
.0030
.0030
.0030
.0041
.0038
0041
0052
0041
0052
0052
.0064
0064
0064
0064
.0064
.0064
.0064
0083
.0064
.0083
.0064
.0083
0062
.0083
.0064
.0083
0064
.0083
.0070
.0055
.0020
.0064
.0070
.0070
.0070
.0064
0064
.0070
.0070

Tapping
Drill

15mm
1.7mm
18 mm
22mm
2.55mm
2.65 mm
28 mm
3.1 mm
34mm
35mm
39mm
41mm
48 mm
5.6 mm
6.0 mm
64 mm
72mm
8.8mm
10.4 mm
103mm
120 mm
1.9mm
135mm
134 mm
15.0mm
14.75 mm
21/32°
16.5mm
23/32
18.0mm
21.5mm
24 mm
31/32°
13/32"
32 mm
34 mm
34 mm
127/64"
127/64"
117132
40.5mm

Cleatance
Drill
2mm
22mm
2.4mm
27 mm
3mm
34 mm
35mm
38mm
4.2 mm
4.3mm
4.7 mm
5.0 mm
58mm
6.6 mm
7.0mm
7.4 mm
83mm
9.9mm
1.5 mm
11.5 mm
33/64"
33/64”
37/64"
37/64"
41/68"
au64”
18 mm
18mm
19.5 mm
19.5 mm
23mm
25mm
26 mm
29mm
15/16"
35.5 mm
355 mm
375mm
31.5mm
119/32"
a2mm



B.S.F. THREADS (British Standard Fine)

Dia

Outside
Dia
1815
2187
250
2812
3125
315
4315
.500
5625
625
6875
.150
812§
875
1.000
1125
1.250
1315
1.500
1628
1750
2.000
2250
2500
2150
3.000

Core
Dia
1415
1”3
2007
232
543
Ao
3664
420
4825
5335
596
6433
7058
1586
8719
9827
11017
12149
1.3399
1.4649
1567
sn
2036
2286
2536
pALK]

Threads

per i
2
]

26
2
20
18
16

"
"

12
n
10

L R

METRIC TQ DECIMAL INCH EQUIVALENTS

inch
.0004
.0008
0012
.0016
.0020
0024
0028
.0032
0036
.0040
.0043
0047
0ost
.0055
0059
0063
0067
0o
0075
0079
0083
.0087
0081
10035
0039
0
0106
0110
0ma
.0
0122

mm
32
n

ch

inch
0126
013
03
0138
0142
01E
0150
0154
0158
0162
0166
0169
0173
017?
L0181
018§
0189
093
0197
0201
.0205
0209
013
onn
0221
0225
0228
0232
0226
0240
0244

.1667
1667
2000

Depth

0200
0229
0246
06
0291
0320
0356

1067
1067
1281

Radius
0037

0053
0053
.0062
0069
0076
0086

.0098
0038
014
0114

0125
0137

0153
0153

0112
0172
0172

0196
0196

0229
0229

0229
0275

inch
0248
0252
0256
0260

0268
0272

Tapping
il
8327
46mm
53mm
6.1 mm
6.8mm
8.3 mm
S.7mm
me*
v
4mm
15.75 mm
16.25mm
185 mm
25032°
2215mm
255 mm
118"
31.5mm
123/64"
131/64"
139/64"
12132
21ne*
25187
296"
225/32"

Clearance
Orill
Smm
5Imm
65mm
74 mm
8.2mm
97 mm
1Nd4mm
13mm
WSmm
4188
45/64°
49/84"
21mm
51/64"

inch
0370
0374
0318
.0382
.0386
0330
0354
0787
181
1519
1968
262
2156
3150
3543
3937
a3
A
5118
6812
5905
6299
6693
7082
1480
1874



BRITISH STANDARD GAS THREAD

Size

18°
"
"

NEWALL LIMIT AND FITS

Class

Threads
Per Inch
28
9
19
4
4
14
1"

n
n
n
n
1"
n
n
n
n

Limit
High
Low
Tol.

High

Tol.
High
Low
Tol.

Outside
Dia
.383
518
656
825
902
1.081
1.189
1309
1.650
1.882
216
2347
2587
2960
3210
3.460

Core
Dia
3
451
583
734
81
950
1.088
1183
1534
1266
2000
2
24n
2844
3.034
334

Upto
%
+.0002
0002
.0004
+.0005
- 0005
.00
+.0005
+.0002
0003
+.001
+.0005
.0005
- .0002
- 0007
.0005
-.001
-.002
001
~.0007
-.0012
.0005
- .0005
- 0007
0002

Pitch

0357
.0526
0526
0714
oma
ona
omae
.0909
0903
0908
.0808
.0903
0903
0903
.0909
0909

96"
01"

+.0005

.6007
+.0007
- .0005

0012

+.0007
10003
+.002
+.0015
0005
- .0002
-.0007
0005
-.0012
-.0027
0015
-.001

001
~.0007
-.0012

0005

Depth

0229
0335
0335
.0457
0457
0457
0457
0582
0582
0582
0582
.0582
.0582
0582
0582
0582

196"
w0?"

+

+

+

+

+

ooo7
0002
.0009
.001
.0005
.0015
0015
001
.0005
004
.003
.001
0002
.0007
0005
0017
.0035
.0018
.0012
0025
0013
.0007
0015
0008

Radiug

0043
0072
0072
.0038
.0038
0038
0098
0125
0125
0125
0125
0125
0125
0125
0125
0125

Tapping
Oril
8.8mm
11.8mm
15.25 mm
348"
53/64"
24.5mm
28.25mm
30.75 mm
39.5mm
125732
51mm
218"
231/64°
255/64°
31/64"
323/64

216"
03"

+.001
- .0005
.0015
+.0012
-.0007
0018
+.0025
+.0015
.00t
+.006
+.0045
.0015
-.0005
-.001
0005
-.002
- .0042
0022
-.0015
-.003
L0015
-.001
- .002
001

Clearance
Drill
10.0mm
13.5mm
17.25 mm
21.25 mm
23.5mm
13/647
113/68"
11132
11118”
129/32
25/32"
223/64"
258"

3
315/64°
31

3 I/}B'
to 4
+.000
- .0005
0015
—.0015
~-.0007
0022
+.003
++.002
.001
+.008
+.006
002
- .0005
-.001
0005
- .0025

.0025
- .002
-.0035

0015
- 00
- 0022

0012



1SO METRIC THREADS WITH AVAILABLE PITCHES

60° Farm identical to Unifled and Americen National Threads. All sizes shown in millimetres.

Dia
025
03
035
04
045
0s
0.55
0.6
07
aB
09
1
11
12
14
1.6
18
2
22
25
3
35
4
45
5
85
6
7
8
9
10
n
12
"
15
16
”
18
20

.075
.08
.09
A

A
125
25
15
75

225
25
25
25

35
35

45
45

Moo
&

1.25
1.25
1.5
15
175

15
15

25
25

Pitches available

125
.25

15
15

100
10

Pitches availabla
25 2 15
3 2 5
2 15 1
15

3 2 15
2 15 1
s 3 2

2 15

35 3 2
15

4 3 2
15

4 3 2
3 2 15
45 4 3
45 4 3

s 4 3

3 2 15
5 4 3
4 3 2
55 ¢ 3
4 3 2
§5 4 3
4 3 2
6 4 3
4 3 2
6 4 3
6 4 3
6 4 3
4 3 2
8 4 3
2

6 4 3
2

6 4 3
6 4 3
6 4 3
6 4 3
6 4 3

NSNS

15
1.5
15

Dia
15
120
125
130
135
4o
us
150
155
160
165
170
175
180
185
190
195

260

270
25
280
285

295
300

Pitches available

PPN NN DN AN AP NN NP ANRNNDNNDNDNDNOANNNN DN D D NN

P A R T I T I Y YN Y Yy

BRHD D DLW DDRWD WD WWWEeEWwWWwwe

NRNNNRBRNN



ISO METRIC THREADS
Pitch
in millimetres
015
.08
09
R
125
BE)
A5
2
225
25
3
35
4
A5
5
6
7
15
8
1
1.25
15
175
2
25
3
s
4
45
§
55
6
UNIFIED 4 THREAD {4UN) SERIES
Size Qutside
Diain
inches
25/8° 2.625
28" 2875
31/8" 3128
338" 331
35/8° 3625
38 3815
418 4125
414" 4.250
43/8" 4375
a1 4,500
45/8° 4.625
a8 4.750
47/8° 4.875
5 5.000
S8 5.125
514° 5.250
53/8° 6,375
51/2° 5.500
55/8° 5625
534" 5.750
S8 5.875
6 6.000

All dimensions i millimetres

Ta find Effective Dia

raduce Outside Die by—

4 THREADSPERINCH g = g3

Effective
Diain
inches
2463
am
298
32
343
am
3963
4,088
213
4338
4.463
4.588
am
4838
4.963
5.088
5213
5.338
5463
5588
5113
5.838

049 mm
.052 mm
058 mm
065 mm
081mm
087 mm
J14mm
130 mm
146 mm
162 mm
195 mm
221 mm
260 mm
.292mm
325 mm
.380mm
455 mm
487 mm
520 mm
650 mm
812mm
924 mm
1.137 mm
1299 mm
1.624 mm
1.949 mm
2213 mm
2598 mm
2.923:mm
3248 mm
3573 mm
3898 mm

Care

Dia in
inches
2318
2.568
2.818
3.068
33118
3568
s
3943
4.068
4193
4318
4443
4.568
4693
4318
4943
5.088
5.193
5318
5.443
5.568
5.693

Pitch = 250"

Tapping
Orill

223/64"
239/64"
255/84°
37788°

323/64"
339/64"
355/64°
363/64°
47/6¢”

415/64°
423/64°
431164
429/64"
447764
455/64"
463/64°
57/64"

515/64"
523/64"
531/64°
539/64°
547/64"

Ta find Care Die reduca

Outside Dia by—
0%2mm
.038 mm
110 mm
123 mm
153mm
.184 mm
215mm
245 mm
276 mm
307 mm
.68 mm
429 mm
A91mm
852 mm
613 mm
136mm
859 mm
920mm
981 mm
1.227 mm
1.534 mm
1.840 mm
2147 mm
2454 mm
3.067 mm
3.681mm
429 mm
4907 mm
5521 mm
6.134 mm
6248 mm
7.362 mm

Depth of Thread = 154"

Clearance
Drill

22132
229/32°
35/32°
313327
/32"
329132
4532
49/32°
413/32°
413"
42187
425/32°
42932
51/32°
55/32°
59/327
513/32°
5 12/32°
52132
525/32°
529/32°
6137



RECOMMENDED CLEARANCE DRILL SIZES FOR 1SD METRIC THREADS

All dimensions in millimetres.

Thread

Diain

mm
25
3
.35
4
45

i
*

e n

1
1.1
12
14
16
18
2
22
25
3
35
4

45

Drith
Size

Thread
Diain
mm
5
5.5
6
7
3
9
10
n
2
14
15
16
n
1]

Drilt
Size

5.2

5.7

63

3

83

93
104
n4
124
145
158
165
s
185
205
225
45
255
265
as
285
305
325
ns

Thread Drill  Thread Drill Thread
Diain Size Diein Size  Diain
mm mm mm
3 36 82 83 208
36 k1) 85 8 210
38 39 90 91 215
39 40 95 % 220
40 @ 100 101 225
@ QM uz2 20
L ® 115 "m o 25
48 49 20 122 240
50 51 125 27 u5
52 §3 130 132 250
55 56 135 137 255
56 57 40 142 260
58 59 145 47 265
60 61 150 152 770
62 63 155 15725
64 65 160 162 280
65 66 165 167 285
68 69 10 m 2%
70 n s 177 295
7 3 180 182 300
n 7% 185 187

% n 180 192

. ” 185 197

80 81 200 203

8SI APPROVED TAPPING DRILL SiZES FOR 1S0 METRIC THREADS

Orill
Size

208

303

The recommended Tapping Drill siza for any IS0 Metric Thread is most easily errived at:— From the outside dia of the thread deduct
1he pitch maasurement the resubting figura is the preferred tapping drill size.

10 mm dia 1.5 mm pitch thread the Tapping Drill size is 10 — 1.5= 8.5 mm.

Where an exact dril size is unobtaineble uss the next higher diameter drill size aveilsble.

14 mm die 1.25 mm pitch Tapping Drill size is 14 - 1.25 = 12.75 mm.

There is na standard 12.75 mm size drill sa use 12.8 mm drill.

UNIFIED 32 THREAD (32UN) SERIES

Pitch = .031

Size

7me*
w
6"
5/8°
nne”

116°
g
15/16°
"*

Flat= 008"

Outside
DiaIn
inches
4315
.500
5625
625
6875
150
8125
875
8375
1.000

32 THREADS PER INCH

Depth of Thread =.019

Effective Cor- Tepping
Diain Diain Drill
inches inches

K1) 399 10.30 mm
480 462 150327
542 524 12/32°
505 587 19732°
667 649 2132
230 n2 23/32°
192 R 25/32"
85§ 83 pa/kra
an 899 29/32°
.980 862 31/32°

Clsarance
Dill

11.20mm
12.90 mm
1450mm
16.00 mm
45/68°
49/64"
53/64°
57/64°
61/64"
11/68"
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UNIFIED EXTRA FINE (UNEF) SERIES

Sup

it
18"
she*
g*
mne”
v
El
s/8°
nne”
e
13/16°
v
15/16°
1"
118
1
13/18°
1
1516°
138°
116"
\RI7)

11/16°

™

Outside
Disin
inches
218
.250
3125
31
4315
500
5625
625
-6875
750
8125
815
9315
1.000
1.0625
1128
11875
1.250
1.3125
1315
143715
1.500
1.5628
1.625
1.6875

Eftective

Diain

inches
186

292

UNIFIED FINE (UNF) SERIES SCREW THREADS

Sizn

Thread
r

Dia in
inches
.060
.0

Etfuctive
Oin

052
064
76
087
089
10
122
146
170
193
221
285
348
405
463
526
589
.Tas
828
946
1mn
1196
132
1.446

1.557
1618

a8

103
1148
21
1338

Pihin
inches

Depth of
Thread

219
019
019
019
022
022
026
028
026
031
o
031
031
.03

BEEEEBEREEE

Depth
of
Thread
.008

o010
o
013
04

Topping
Dridl
Size
125 mm
1.55 mm
1.9 mm
2.15mm
2.40 mm
220 mm
235mm
Py
4.10mm
4.20 mnt
5.50mm
6.30mm
850mm
9.90mm
11.50 mm
1290 mm
14.50 mm
116
804"
23.25mm
26.50 mm
2250mm
1.280"
36.00 mm

Clearsnce
Orill

5.60 mm
6.50 mm
8.10 mm
8.20mm
11.30 mm
1290 mm
14.50 mm
41/64°
a5/54°
49/64°
53/64°
51/64°
63/64°
11/68°
15/84°
19/64°
113/68°
112/64°
1217647
125/64°
128/54°
133/68°
131/6¢°
141/64°
145/64°

11/64°

117/64°
125/54°
133/64°
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UNIFIED MINIATURE SCREW THREADS (UNM)

All dimensions in millimetres

o/0 Pitch Etfective Core Depth of Tapping Clearance
Size in Diain Diain Thread Orill Dritt
mm mm mm mm mm Size Size
30 .080 .248 . .048 .22mm 3smm
35 090 292 202 .054 .28mm 40mm
40 100 B 280 060 .30mm A4S mm
45 100 385 2330 .080 35mm .50 mm
50 125 419 .3%0 075 38mm S5 mm
55 125 469 400 075 A2mm 62mm
.60 150 503 A0 080 ASmm 68mm
.70 a5 586 490 105 52mm J8mm
.80 200 570 S60 120 .80 mm S0mm
80 225 154 .630 135 .68 mm 1.00mm
1.00 250 838 700 150 J5mm 1.15mm
110 250 938 .800 150 .85mm 1.25mm
120 250 1.038 900 150 95 mm 140mm
40 .300 1208 1.040 .180 1.10mm 160 mm
UNIFIED COARSE (UNC) SERIES THREADS
Size ™ Outside Effective Core Pitch Depth of Tapping Cleerence
Diain Diain Thread Drilk Drat
inches inthes
1 64 .063 054 016 .010 1.55 mm 1.95mm
2 56 07 064 018 on 1.85 mm 230 mm
3 a8 .086 3 021 013 2.10mm 265mm
4 40 .096 081 025 015 235mm 295 mm
5 40 109 034 025 015 265mm 3.30mm
6 2 .8 100 .032 019 285mm 360mm
8 32 184 126 032 019 350mm 4.30mm
10 2 163 138 042 026 390 mm 5.00 mm
12 2 189 165 042 026 450 mm 560mm
w 20 218 .189 .050 03 §.20 mm 650mm
5/16° 18 276 204 056 034 6.60mm 8.10mm
" 16 334 298 083 .038 8.00mm 9.70mm
ne " 391 350 .m 044 9.40mm 11.30mm
r 13 450 406 on 087 10.80mm 1290 mm
ne” 12 508 460 .083 051 1220 mm 1450 mm
/8" n 566 514 081 056 13.50 mm 41/64"
k7 10 .685 62 100 061 1650 mm 49/64°
8 9 81 138 m 068 49/64” 51/64~
i 8 819 847 25 on 2.25mm 11/84
118" 7 1.032 950 143 .088 63/64° 19/58°
(RIS 7 1157 1075 Ja .088 1/64° 117/64°
138" 6 1.267 m 187 .102 113/64° 125/64°
nee 6 1392 1.296 167 .102 121/64° 13364°
13/8° H 1620 1.505 200 123 135/84° 149/84°
r 45 1.856 a 222 138 125/32° 21/64%
21/4° 45 2106 19m 22 136 213 27/64°
212 4 2338 2193 250 154 215/64° 233/64"
23/4° 4 2588 2443 250 .154 231/64° 249/84°
¥ 4 2838 2693 250 154 247/64° 331/32°
kRIS 4 3.088 2943 250 BE) 263/64° 39732
nr 4 33318 3193 250 154 315/64° 3nnr
e 4 3588 3 250 154 331/64° 3253
L 4 3.838 369 250 154 347/84° 4132
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UNIFIED & THREAD (UN) SERIES 6 THREADS PER INCH
Pitch = .1666" Flat = .0208" = Pitch + 8 Depth of Thread = 1022
Size Outside Effective Core Tapping Clearance
Diain Diain Diain Drill Drill
inches. inches inches
1716° 1.4375 1329 1233 117/68" 129/64"
19/16” 1.5625 1454 1358 125/64" 137/64°
16/8" 1.625 1517 1421 129/64" 141/64°
1nne” 1.6875 1.579 1.583 133/64° 145/64°
134" 175 1.642 1546 137/64" 149/64"
113167 18125 1204 1608 141/64" 153/64"
17/8" 1.875 1267 1671 145/64" 157/64"
115/16" 19315 1828 1733 148/64" 161/6¢”
rad 200 1892 1.1%6 153/64" 2137
21/8° 2125 2017 1921 161/64" 25/32"
ralls 2250 2142 2046 25/64" 29/32"
23/8" 2315 2267 2m 213/687 21332
217 2500 2392 2.296 221/64" 2132
258" 2625 2517 242 229/64~ 2132
238 2750 2642 2546 231/64" 225/32"
28 2875 2767 26N 245/64" 229/32°
3 3.00 2892 2.7% 253/64" kAVra
31/8° 3125 aon 2921 261/64" 35/32"
31/4° 3.250 3142 3.046 35/64" 39/32°
338" 3375 3.267 am 313/64" 313/32"
31/ 3.500 3.392 3.296 321/64" 31732
35/8" 3625 s 341 3.29/64" 321/32"
34 3.750 3.642 3.546 337/64° 325/32"
378 3815 3767 3N 345/64" 329/32"
4 4.00 3.892 3.96 353/64° 41/32"
41/8" 4125 40 ki) 361/64" 45/32"
41/8" 4.250 4.142 4.046 45/68" 49/32°
43/8" 4315 4.267 am 413/64" 41332
41/ 4.500 4392 4.296 421/64" 41732
45/8" 4.625 4517 LX53} 429/64" 42132
434 4.750 4642 4546 437/64" 425132
47/8" 4875 4767 a6 445/64" 4293
s° 5.00 4892 47% 453/64° §1/32"
51/8° 5.125 5.017 4.921 461/64" §5/327
51/4° 5.250 5.142 5.048 55/64" §9/32°
53/8° 5315 5.267 5.1M 513/64" 513/32°
51/ 5500 5.392 5.295 521/64" §12/32°
55/8" 5.625 5517 5.421 529/64" 52132"
53/4° 5.750 5.642 5.546 531/64" 525/32°
518" 5.875 5.167 5.671 545/64~ 529/32°

6° 6.00 5.892 5.196 §53/64" 61/32°



UNIFIED 8 THREAD (8UN) SERIES

DOepth of Thread = .077"

Size

118"
11/8°
13/16"
11/4°
15/16"
138
1716
e
1916
158"
111/18°
1347
11316
18
115/16"
r
218
(Al

Outside
Diain
inches
1.0625
1125
1.1875
1.250
1.3125
1375
14375
1.500
15625
1.625
1.6875
1.750
1.8125
1.875
1.9375
2.000
2125
2250
2.315
2500
2,625
2.150
2,875
3.000
3125
3.250
3.315
3.500
3625
3.750
3.875
4.000
4125
4.250
4375
4500
4.625
4,750
4815
5.000
6.125
5.250
5.315
5.500
56,625
5.750
5.875
6.000

8 THREADS PER INCH
Pitch = .125"

Effactive
Diain
inches
981
1.044
1.108
168
1231
1294
1356
1418
1481
1544
1.606
1.669
17131
1.794
1.856
1918
204
2169
2294
2413
2544
2669
2794
2919
3.04
3.169
3294
3419
3544
3.669
3294
3918
4.044
4.168
4294
4419
4.544
4.663
4794
4919
5.044
5.169
5.294
5419
5,544
5.669
5.794
5919

Core
Diain
inches
909
9712
1.034
1.097
1.158
1222
1.284
1347
1408
1472
1.534
1587
1.659
1722
1:784
1.847
1972
2097
2222
230
2472
2591
2122
2847
2912
3.097
3.222
3347
3472
3597
3322
3847
382
4,097
4222
4347
4412
4597
4722
4847
4912
5.097
5222
5.347
5472
5.587
5722
5847

Tapping
Drill
15/16"
"
11/187
11/8°
13116
114"
15/16"
13/8°
17/16"
1/2"
19/186°
15/8°
111/16°
1347
11316
178"
2
21/8"
21/8
238"
212"
25/8
234"
218"
3
318°
KR
338"
312
358"
334
318"
o
41/8"
414
43/8°
41/2°
a5/
43/4"
(34
5
51/8"
514°
§3/8"
§1/2*

Clearance
Drill

15/64"
19/64°
113/68"
117/64”
121/64°
125/64°
129/647
133/68"
137/647
141/64"
145/64"
149/64"
153/64"
157/64"
163/64"
2132
25/32"
29/32"
213/32"
21132
221132
225/3
229/32"
3132
35137
39137
313/32°
3z
321/32°
325/32"
32932
41/32°
45/32°
49/32°
413/32"
417/32°
41/3
425/32"
429/32*
51/32"
§5/32"
59/32°
§13/32°
§17132°
§21/32"
§25/32"
§29/32"
61/32"
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UNIFIED 12 THREAD (12 UN) SERIES - 12 threads per inch
Oepth of Thread 05117

Pitch ,0833°

5/8°
nhe
/e
216"
18
15167
e
13/16"
16116°
1718°
1r916°
16/8°
1nst
134
113/18°
18
115/16*
Py
218
2

Outside
Dain
inches
625
6815
75
8125
875
8315
1.0625
1.1875
13125
14315
1.5625
1.625
1.6815
115
18125
1.876
19315
200
2125
225
2315
250
2625
275
2875
3.00
3125

335
350
3,625
35
3815
4.00
4125
4.25
4315
4.50
4625
4.5
4815
5.00
5.125
§.25
5315
5.50
5625
575
5.875
600

Effective
Disin
inches
5708
834
6959
7584
8209
8834
1.008
13
1.258
1383
1508
s
1633
1696
1.768
1821
1.883
1946
am
213
23
2446
asn
2636
2821
2946
aomn
3.198
a3
346
sn
3696
3821
3.846
an
4196
a3
4448
N
4,696
4821
4.946
sm
5.196
5321
5.6
551
5.696
5.821
5.946

Core
Diain
inches
5228
5653
5478
103
s
8353
.9603
1.086
1210
1.335
1.480
1523
1.586

1Mo
3
1.835
1.898
2023
2148
2
2398
2523
2648
wm
2898
3023
3.148
amn
3398
sz

am
3.8%8
4023
4148
am
43%8
4523
4.648
am
4898
5.023
§.148
sm
5398
5523

83
5.898

60° Flat=
Tapping
Drilt

13.7mm
15.26 mm
17 mm
185 mm
20mm
21.5mm
476 mm
28mm
115/84"
123/68°
131/64°
135/64"
139/84°
143/54°
147754
151/84°
155/64"
159/64°
23/64"
211/69°
219/64"
221764
235/64
243/64
251/64°
259/84
33/847
3117647
319/64"
321/64°
335/54"
343/64"
351/88"
359/647
43/64°
411/68°
419/64
421/54"
435/68"
443/647
451/88"
459/64°
53/64°
§11/64%
6 19/64°
821/64
§35/84"
643/84°
551/647
§59/64°

.0104” = Pich+ 8

Clearance
Dritt

41/64"
45/84"
49/64°
53/64°
67/84°
61/84°
15/54°
113/64°
121/68"
129/64°
137/64°
141/64°
145/64°
148/68
153/64°
151/64”
161/64°
2132
25/32°
29132
21332
21132
2213
22532
229327
33
3s/32°
39/32°
31332
3132
apr
325327
3281327
41132
45/32°
49/32°
41332
4anunr
413"
4250327
4297327
5132°
55/32°
§9/32°
513/32°
snunr
521/32°
525/32°
S293°
(Rl



UNIFIED 18 THREAD (16UN) 16 THREADS PER INCH

P=.063" Depth of Thread = 038>  Flat=.008" = .125 pitch 60°
Size Disin Effactive Core Tepping Clearance
inches Diain Diain Orill Drill
inches. inches
mne ars a9 361 n* 11.20mm
I d 500 1] el 06 1290 mm
ne 5625 522 486 " 14.50 mm
68 £25 584 548 96" “ase
e 6875 (2 n s/” 4s/68
e 8125 m 236 e 53/64°
" 18 a3 98 1ne* 51/64°
16/16° 9376 297 261 " 164"
” 1.0000 959 823 15/16° 1/
118" 1.0625 1.022 986 ” 15/88"
18 1125 1,084 1.068 118" 19764
138" 11808 114 1 18" 113/68°
1 1250 1.209 113 1306° 1177847
15/16° 13126 1212 1.23 118" 121/64°
138 1315 133 1298 15/16" 125/64°
Ve 14315 1397 1361 138 129/84°
N 1500 1459 1423 18° 133764
1915° 15625 152 1486 1 130764
1608 1626 1584 1548 19/16" 181764
1ne 16875 15847 1611 158" 145/68"
136 1760 1209 1573 118" 149/64"
e 10125 12 1236 1307 153/68"
18° 1875 1834 1298 113/16% 152/64°
115/16° 19376 1897 1861 18 161/88"
r 2.000 1923 11516° 213"
21/8° 2125 2048 218" 2532
21 2250 2m 23/16° 29132
238" 2375 2298 25/16° 21332
20 2600 2423 2m6° 208
250" 262 2548 29n8° 22137
2300 2750 2613 2116 225137
2108 2815 298 21316 229137
r 3.000 2923 215116 nnr
3 2125 3048 316” IS
3 3250 an 3318° EY I
33" 3315 3298 35/16° 31332
kRl 3500 4 3m6° Iunr
350" 3625 3548 39/16° Inne
3 3750 261 31118° 325/32°
e 1875 2798 313/16° 3292
L4 4.000 s 315N6° e
arn a1 4048 e 4532
s 4.250 an A6 43
L g 4318 4298 4sns” 412
“ar 4500 un ane” LRy
45" 4625 456 49n6° 2132
ane 4250 .n 418" 425/2°
e 4805 4798 413ne" 429032
5 5.000 s 415/16" 513
sus 5.125 5.048 5116° 55732
514 5.250 513 s3/16° 59732
(37 4 5375 5.298 §5/16° s 1302
sur 5500 5423 51/16° 51732
558 5625 5543 59/16 52132
LR 6.750 5673 S1/18° SBRr
518" 6875 5798 513/18° §29/32°
6 6.000 5923 515/16° 813
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UNIFIED 20 THREAD (20 UN) SERIES 20 Threads per inch
Depth of Thread = .0307"

Pitch = 057

Size

516"
38"
916
5/8"
nN1e"
1116"
118
1316
114
1516
13/8°
116"
e
19/16°
15/8"
11116
134
113/16"
17/8°
115/16°
2

218"
Al
238"
21/
25/8°
23/4"
28
T

UNIFIED 28 THREAD (28UN} SERIES

Flat = .0045%

Size

516"
38"

5/8°
nne”

Outside
Diain
inches
3128
3
5625
625
6875
1.0625
1125
1.1875
1.250
13125
1315
14375
1.500
1.5625
1.625
1.6875
1.750
1.8125
1.875
1.9375
2.000
2125
2250
2315
2500
2625
2750
2815
3.000

Qutside
Diain
inches
3128
s
5625
625
6875
750
8125
875
9375
1.000
1.063
1125
1.188
1.250
1.313
1315
1438
1.500

Effective
Diain
inches
280
u25
530
5925
655
1.030
1.083
1.155
1.218
1.280
1343
1405
1.468
1.630
1.593
1.655
1718
1.780
1.843
1.908
1.968
2.093
2218
2343
2468
2593
2ms
2843
2.968

Pitch = .036"

Effective
Diain
inches
289
352
539
602
664
aa
189
.852
9814
amn
1.038
1102
1.164
1221
1.289
1352
1414
141

Core
Oiain
inches
2512
7
5012
5637
£282
1001
1.064
1126
1169
1.251
1314
1376
1439
1501
1564
1626
1683
1751
1814
1.876
1933
2064
2189
2314
2433
2564
2689
2814
2939

28 THREADS PER INCH
Depth of Threed = .022°

Core
Diain
inches
268
an
519
581
544
106
.769
831
894
956
1018
1.081
1144
1.206
1.269
130
1394
1456

Flat = .0062" = .125" pitch

Topping
orill

66mm
82mm
13.0mm
K1/
1625 mm
11/64
15/64°
19/64"
113584
117/64”
121/64°
125/64"
129/64”
133/64"
137/68"
141/64"
145/64"
149/64"
153/64”
157/64°
161/64"
25/64"
213/84"
221/68"
229/88"
231/64"
245/54"
253/84"
261/64"

Tapping
orilt

Tmm
8.60mm
1340mm
15 mm
a3r
233
19.75 mm
anr

Clearance
Drill

8.10 mm
9.70mm
1450 mm
41/6¢"
45/64°
15/64"
19/64"
11368
117/68°
121/6¢"
125/64"
129/647
133/64°
137/6¢*
141/64"
145/64°
149/64"
153/64°
157/64"
163/64"
213
253"
29/32°
213/32"
2132
221"
22502
229/32%
3132

Clearance
Drill

21/64°
25/64"
37/64°
41/64°
45/64"
49/64"
53/64°
§7/64°
61/64*
11/687
15/64"
19/68"
113/68°
117/64"
121/64"
125/64°
129/64"
133/64"



SCREW THREADS WITH BASIC FORM
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UNIFIED, ISO METRIC

AND AMERICAN NATIONAL
P

45" 45° VEE

D 12075P
P
w LOWENHERZ

' D Fe26<P

A D~ 754« P

e

WORM
Fe3352P G-30xP
De-687xP
0 - 6654P R=630xp

BUTTRESS
fl Ce125xP
De< 75 2P
c F=25xp

o
- §5° VEE
D= 960 %P

THURY
Re-166nP
D = 600xP

£ s - 200<P

F
ACME 29°

D--5°+01" D

Fe31P ; ’

G - 371 P-005" 3

BRITISH STANDARD WHITWORTH
P 7 55°

FePx 25 i i
D- P '|6-795 I !

60° VEE
D= 866 xp

BRITISH STANDARD GAS

BRITISH STANDARD CYCLE
P 60°

R =P x-[668

. D=P=x-5327

RH = RIGNT WAND
LH > LEPT  WanD

SQUARE
De52P
Fe-5xp
0+ 5xP
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FRACTIONS WITH METRIC AND DECIMAL EQUIVALENTS

Fraction
in inches
1/64"
1327
e
16"
5/64”
Klkve
/647
e
s/a"
537
1/647
e
13/64°
mnr
15/68°
14
17/84~
9/32-
19/68~
5/16~
21/84°
n3z
<l
3
25/64°
13/32°
21/64"
ne”
29/64"
15/32°
31/88°
wr

Millimetres

3969
19318
1.1906
1.5875
1.9844
23812
2.7781
3175
kEH]
3.9688
4.3656
4.7625
5.1594
5.5562
5.9531
6.35
6.7469
7.1438
7.5406
1.9375
8,3344
8.7312
9.1281
95250
9.9219
10.3188
10.7156
11.1125
11.5094
11.9062
123031
127000

Decimal
inches
0158
0312
0459
0625
0181
0938
1094
1250
1406
.1563
718
1875
2031
2188
234
2500
2656
2813
.2969
25
3281
3438
.359¢
3150
.3906
4083
A9
4315
4531
As88
4844
.5000

Fraction
in inches
3364
32
35/64°
9s*
31/64°
19/32°
39/64°
5/8°
41/64"
21/32°
43/64°
1/1e°
45/64"
3/32°
41/68*
34
49/64°
25/32°
§1/64+
13/16~
53/64°
2132~
§5/64°
8"
57/64"
29/32°
59/64°
15/16°
61/64°
3132
63/64"
"

Millimetrs Decimal
inchas
13.0963 5156
13.4938 5313
13.8%06 5469
14.2875 5625
14.6834 5781
15.0812 .5938
154781 6094
15.8750 6250
16.27119 5406
16.6688 6563
17.0656 6719
174628 .6875
17.8584 2031
18.2562 .1188
18,6531 34
19.0500 7500
19.4463 7656
19.8437 1813
20.2406 7369
206375 8125
210044 8281
21.4312 8438
21.8281 8594
222250 87150
ne219 8906
23.0188 9063
234156 9213
238125 9315
24.20%4 9531
24,6062 9688
25.0031 9844
25.4000 1.0000



8S1. APPROVED BRITISH ANO METRIC DRILL SIZES

Drill
Size
2mm
22mm
25mm
28mm
Imm
32mm
35mm
.38 mm
1/8a”
40mm
42 mm
45 mm
48 mm
S0mm
52 mm
55 mm
S8 mm
.60 mm
62mm
65mm
.68 mm
J0mm
J2mm
J5mm
18 mm
132"
.80mm
.B2mm
-B5mm
88 mm
.90 mm
92 mm
.95 mm
98 mm
1.00mm
1.05 mm
1.10mm
115 mm
364"
120mm
1.25 mm
1.30mm
1.35 mm
140 mm
145 mm
1.50 mm
1.55 mm
1ne”
1.60 mm
165 mm
1.70 mm
175mm
180 mm
1.85 mm
1.90 mm
1.95 mm
/64"
200 mm
2.05 mm
210mm
215 mm
220mm

Diain
inches
0079
.0087
0099
o
.one
0126
0138
0150
0156
0157
0165
om
0189
09
.0205

Drill
Size
225mm
2.30mm
235mm
332"
240mm
245 mm
250 mm
255 mm
260 mm
265mm
270mm
275mm
764"
280 mm
285 mm
290 mm
285mm
3.00mm
3.10mm
Al
3.20mm
330mm
340mm
350mm
9/64"
360mm
3.20mm
380 mm
390 mm
5/32°
4.00mm
410mm
4.20mm
430mm
164"
440mm
450 mm
460mm
470mm
ne
480mm
4.80mm
5.00mm
5.10mm
13/64°
5.20mm
5.30mm
5.40mm
5.50mm
U3
5.60 mm
570 mm
5.80mm
5.90mm
15/64"
6.00mm
6.10mm
6.20 mm
630mm
"
640mm
650 mm

Digin
Inches
0885
.0306
0925
0938
0945
0965
0984
1004
1024
1083
L1063
.1083
1034
102
na2
12
11681
181
1220
1250
1260
1299
1339
(523
1405
1w
1457
1496
1535
1562
1575
1614
1654
1693
ms
.32
m
18N
1850
1875
1890
1929
1358
2008
2031
2087
2087
0%
2085
2188
2208
2244
283
nn
238
2362
2402
2841
2480
2500
2520
2559

Drill

Size
29/64°
11.60mm
11.70 mm
1180 mm
11.80 mm
15/32°
12.00 mm
1210 mm
1220mm
1230 mm
/64"
1240 mm
1250 mm
1260 mm
1270 mm
v
12.80 mm
12.30 mm
13.00mm
33/84°
13.10mm
13.20mm
13.30 mm
1340 mm
e
13.50 mm
13.60 mm
13.70 mm
13.80 mm
35/64°
13.90 mm
14.00 mm
14.25mm
18"
14.50 mm
37/64"
1475 mm
15.00 mm
19132
15.25 mm
39/54°
15.50 mm
15.75 mm
P

16.00 mm
16.25 mm
41/64"
16.50 mm
21327
16.75 mm
17.00 mm
43/64°
17.25 mm
nne"
1750 mm
12.75mm
45/647
18.00 mm
1825 mm
232
18.50 mm
4/68"

Diain
inches
45
AS67

4645
4685
4689
a2
4764
4803
4843

4882
A9t
As6)
5000
5000
5039
5079
5118
5156
5187
5197
5236
5276
5312
5315
5354
5384
5433
5469
5472
5512
5610
5625
5709
5781
5807
5806
5338

6034
6102
6200
6250

6238
6338
6406
5436
6562
5594
5693
£113
£191
6875
6890
.6388
03
-7087
7185
1188
1283
134
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BSI. APPROVED BRITISH AND METRIC DRILL SIZES

Drill

Size
1875 mm
19.00 mm
3/47
19.25 mm
49/64°
1950 mm
19.75 mm
25/32"
20.00 mm
§1/64”
2025 mm
2050
13/16°
2075 mm
21.00 mm
53/64"
21.25mm
23
21,50 mm
21.75 mm
§5/64°
22.00 mm
"
22.25mm
22.50 mm
51/64°
22.75 mm
23.00 mm
237
23.25mm
59/64”
2350mm
2375 mm
15/16
24.00mm
61/64°
24.25mm
2450 mm
31/32°
24.75mm
25,00 mm
63/64"

-

25,50 mm
11/64°
26.00mm
e
26.50 mm
13/647
11167
21.00 mm
15/64”
21.50 mm
13327

Diain
inches
1382
1480
.1500
1519
.1656
J677
1118
1812
1874
7969
1972
8m
8125
8169
8268
.8281
8366
.8438
8465
8563
8594
8661
8150
.8760
8858
8906
8857
8055
9062
9154
9219
9252
9350
9375
9449
8531
.9547
9646
9688
9744
9843
9844
1.0000
1.0039
1.0156
1.0236
1.0312
1.0433
1.0469
1.0625
1.0630
1.0781
1.0827
1.0838

Drdl

Size
2800mm
17/64°
28.50 mm
178"
19/647
29.00 mm
15/327
29.50 mm
111/64”
30.00 mm
13/16°
30.50 mm
113/64"
121327
31.00mm
115/64°
3150 mm
11/8°
32.00mm
117/64”
3250 mm
18/32°
119/64"
33.00 mm
15/16”
3350 mm
1217647
34.00mm
1Rz
3450 mm
123/64"
13/8"
35.00 mm
125/64"
35.50 mm
113327
36.00 mm
121164
36.50 mm
178"
129/64"
37.00mm
115/32°
31.50 mm
131168
38.00 mm
e
133/64°
38.50 mm
117327
33.00mm
135/64"
39.50 mm

Diain

inches
1.1024
1.1094
11220
1.1250
1.1408
147
1.1562
11614
1719
11811
1.1875
1.2008
1.2031
1.2188
1.2205
1.2344
1.2402
1.2500
1.2598
1.2656
1.2795
1.2812
1.2969
1.2992
1.3125
13189
13281
13386
1.3438
1.3583
1.35%4
1.3750
1.3780
1.3306
13976
1.4062
14913
14219
14370
143715
14531
1.4567
1.4638
14764
14844
1.4861
15000
1.5156
15157
15312
15354
15469
15851

Deilt

Size
196"
40.00mm
137/64°
119/32°
40.50 mm
139/6¢7
41.00mm
15/8
41.50 mm
141/64
42.00 mm
12132
143/64°
4250 mm
111/18*
43.00mm
145/64”
43.50 mm
123/32*
44,00 mm
147/64"
1347
44.50 mm
149/6¢"
45.00 mm
125/32°
45.50 mm
151/64°
46.00 mm
113167
153/64"
46.50 mm
1211327
47.00 mm
155/64°
47.50 mm
1287
48.00 mm
157/64"
129/32°
48.50 mm
159/64"
45.00 mm
11516
49.50 mm
161/64°
50.00 mm
131/32°
163/64"
50.50 mm
s

61,00 mm

Larger Diameters increasing in steps of 1/64” end 0.50 mm

Diain

inches
15625
15248
15281
15938
15945
1.6034
16142
1.6250
16338
1.6406
1.6535
1.6562
167119
16732
1.6875
1.6929
1.7031
17126
1.7188
17323
17344
1.7500
17520
1.7656
m
11812
17913
17969
1.8110
1.8125
1.8281
1.8307
1.8438
1.8504
1.8594
18701
1.8750
1.88%8
1.8906
1.9062
1.9094
18219
1.9291
193715
1.9488
18531
1.9685
1.9688
1.98¢4
1.9882
2.0000
20019
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O0BSOLETE NUMBER & LETTER DRILLS WITH ALTERNATIVE APPROVED DRILL SIZES

Number Diain Alternative ~ Diain Number Diain Alternative Dia in

or Letter inches Approved inches or Letter inches Approved inches

Size Size Size Size
80 0135 35mm 0138 n 1440 370 mm 1457
9 .0145 .38 mm .0150 26 1470 3.70mm 1457
8 0160 40 mm 0157 25 11485 3.80mm 1496
n .0180 45 mm o0n Y2 .1520 380 mm 1535
76 0200 .50 mm 0197 23 .1540 3.90 mm 1535
% .0210 .52 mm .0205 22 1570 4.00 mm 1575
] .0225 .58 mm .0228 21 .1590 4.00 mm .1875
n .0240 .60 mm 0236 20 L1610 4.10mm .1614
72 .0250 65 mm 0256 19 .1660 4.20 mm .1654
n .0260 -6pmm 0256 18 1685 4.30 mm .1693
0 .0280 .10 mm 0276 ” 1730 4.40mm 1732
69 0292 .15 mm 0295 16 770 4.50 mm 1772
68 0310 132" 0312 15 .1800 4.60mm 181
67 .0320 .82 mm 0323 14 .1820 4.60 mm BEL
66 .0330 .85 mm 0335 13 .1850 470 mm .1850
65 0350 .90 mm 0354 12 .1880 4.80 mm .1830
64 .0360 .92 mm 0362 n .1810 4.90mm 1928
63 .0370 95 mm 0374 10 11935 4.90mm 1929
62 .0380 .98 mm .0386 9 L1960 5.00mm .1968
61 0330 1.00 mm .03%4 8 1980 §.10mm -2008
60 0400 1.00 mm 0334 7 .2010 5.10mm .2008
59 0410 1.05 mm 0413 [} .2040 5.20mm 2047
58 0420 1.05 mm .0413 5 .2085 5.20mm 2047
57 0430 1.10mm 0433 4 .2080 §.30mm .2087
56 0465 3/64" 0469 3 .2130 5.40mm 2126
55 .0520 1.30 mm 0512 2 2210 5.60mm 2205
54 .0550 1.40 mm 0851 1 .2280 5.80mm 12283
53 .0595 1.50 mm .0580 A 2340 15/64" 2344
52 .0635 1.60mm 0630 B .2380 6.00mm .2362
51 0670 1.0 mm .0669 c 2420 6.10mm .2402
50 .0700 1,80 mm 0708 D .2460 6.20mm 2
49 0730 1.85 mm 0728 E .2500 1 .2500
48 .0760 1.95 mm 0768 F 2570 6.50mm .2559
47 .0785 2.00mm 0787 G 2610 6.60 mm .2598
46 .0810 2.05mm .0807 H .2660 17/64" 2656
45 .0820 210mm 0827 ' 2120 6.90mm 2m
a4 .0860 220mm .0866 J 2110 1.00 mm .2156
43 .0890 2.25mm .0886 K .2810 9/32" 2812
42 .0935 332" .0938 L .2800 7.40 mm 2913
4 .0960 2.45mm .0865 L] .2950 2.50 mm 12953
40 .0980 2.50 mm .0984 N .3020 7.70 mm 3031
39 .0995 2.55 mm 1004 0 3160 8.00 mm 3150
38 108 2,60 mm 1024 P 13230 8.20 mm 3228
kY 1040 2.65 mm 043 a 3320 8.40 mm 330
36 .1065 270 mm 11063 A .3390 8.60mm .3386
3 1100 2,80 mm 1102 s .3480 8.80mm .3465
kL) BARI ] 2.80mm 1102 T .3580 9.10mm .3583
3 1130 2.85mm 22 ] .3680 9.30mm 3661
32 1160 2.95mm 61 v 3o 3/8" 37150
N 1200 3.00mm 81 w .3860 9.80mm .3858
30 1285 3.30mm 1298 X 3970 10.10mm .3976
29 .1360 350mm 1378 Y 4040 10.30 mm 4055
28 1405 9/64~ 1406 4 4130 10.50 mm 4134
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WIRE AND SHEET METAL GAUGES

Gauge
No.
70

60
50

8835528328888 8%E

British
Imparial
ite
500
464
L k7]
.400
a2
348
324
.300
278
252
232
212
192
176
.160
14
128
N6
104
082
080
on
064
.056
048
.040
.036
032
028
.024
022
.020
018
0164
.0148
0136
024
one
.0108
.0100
.0032
.0084
0076

.0068
0060

.0052
0048

0044

.0040
0036

10032
.0028
0024
.0020
0016
.0012
.0010

Stubs
Stesl
ire

219
21
207
204
200
199
197
194
191
188
185
182
180
178
75
A2
168
164
161
157
155
153
81
148
146
143
133
A3
Ard
120
RiH
nz2
110
108
.106

103
101

039
097

.085
.092

088

085
.081
019
.on
075
072
069

Birmingham
Sheet Metal
Gauge
6666
625
5883
5416
5000
4452
33654
3532
37
.2804
.2500
228
.1981
1764
1570
1398
1250
M3
.0981
.0882
0185
0699
0625
0556
0495
0440
10392
0343
0312
0278
0248
0220
0196
0174
0156
0139
0123
0110
0038
.0087
0077
.0063
.0061
.0054
0048
.0043
.0039
0034
.0031
.0027
0024
.0021
0019
.0017
0015
0013
0012

Brown & Sharpe
or American
Gauge

Washburn &
Meon Steel
Wire Gauge
4300
AB1S
4305
3938
.3625
3310
.3065
2830
2625
247
2253
2070
1920
Aa110
1620
1483
1350
1205
1055
0915
.0800
0720
0625
0640
{0475
.0410
.0348
0317
0286
.0258
0230
.0204
20181
0173
0182
.0150
0140
0132
0128
0118
0104
0035
.0030
0085
.0080
0075
.0070

U.S. Standard
Sheet Gauge

4887
4315
4082
750
37
3128
2815
2656
2500
234
2187
.2031
1875
ang
1562
1408
1250
11034
0937
0781
0703
0625
0562
.0500
043
0375
0304
0312
0281
0250
0213
0187
02
0156
0141
0125
.0109
.0102
0098
.0086
0078
.0070
0066

.0062

S 8 W American
Music Wire
Gauge
004
.00s
.006
.007
.008
.008
010
on
012
Kik)
014
016
018
020
022
024
026
029
03
033
035
037
033
041
.043
045
047
049
051
055
.059
063
067
on
075
.080
085

Birmingham
Stubs Iron
Wire Geuge
454
425
.380
340
300
.284
259
.238
220
203
180
168
148
134
120
108
.095
.083
.0
065
.058
049
082
035
032
028
025
022
020
018
016
014
013
012



DIVIDING CIRCLES

No. K

3 86603

‘ J0m

3 56719

6 50000

7 43388

8 38268

] 34202

10 30802

n 28113

2 25882

[} 23932

" 22252

15 20091

1] 19509

n 183715

18 17365

19 16460

20 15643

2 14308

2 14232

n 23617

2% 13053

% 12523

% 12054

2 11609

TAPERS AND ANGLES

Angle Tepar Per

With Foot
L Inctuded

17 58" 8"

02 52 316

035 48 "

04 45 5/16°

083 42 8"

122 me*

11135 "

12 % 916"

129 51 s/8"

1382 116"

142 n

156 19 e”

2 616 m*

RAREY)
110812
10453
10117
.09802
09506
.09227
08954
08716
08430
08258
.08047
07846
07655
07473
07298
07134
.06976
.06824
06678
06540
06407
06279
06156
.06038

Taper Per
Inch With
cn
.0052
.0078
0108
a3
0156
0182
0208
0234
026
0286
03125
03386
.0365

0
N
P =
K
4

Angle

ciL

2w
22
2 58

410
4 46
5 S6
1
8 7
s
10 37
1 46
" 2

Dia. of Circle
= No. of Holes
Chordel Pitch
Constant
DxK
13
05924
05814
05708
05607
05509
05414
06322
105234
05148
05065
04984
04807
04831
04758
04687
04618
04551
04486
04423
04362
04302
04244
04187
04132
04078
12"
9
54
35
3
L]
48
0
50
46
10
(]
10

100

Teper Per

Foot

Included

15/16
*

118"
12"
13/4°

2
212"
v
32
-

42"
5

23

04027
03976
03926
03877
103830
03784
03739
03695
03652
03610
103569
03529
03430
03452
.03414
03377
0330
03306
o322
.03238
03205
03173
03141

Taper Per
Inch With
oL
0381
04
0521
0625
0129
.0833
1082
125
1458
-1666
1875

.25
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TAPER PER FOOT AND INCLUDED ANGLE

Teper Angle

1/64° (!

mr 0 8 58

e 017 53

nr 0 26 52

18 0 35 46

§/32° 0 4 45

e 08 ¢4

"2 12239

1/4° 11 3.

9/32° 120 33

5/16” 129 31

132" 138 30

38" 1412

13/32° 156 24

me 2 518

15/32° 214 7

127 22312

17/32° 23210

9ane” 24 7

19/32° 250 3

§/8° 25 3

a/32° 3 1re

1/16° 3 16 S6

STOCK & TAPER FITS

Jarno Dia

Lerge
End

1 125"
2 250"
3 35°
4 5"
H 625"
[} 257
? 8757
8 1.000"
9 1125
10 1.25°
" 13157
12 157
13 1.625"
14 175"
15 1.875
1% 2.000"
m 2125
18 225"
19 2315
20 25"

JARNO FORMULAE (S = SIZE NUMBER) LARGE DIA, = 7

Taper
a7
Ky
25/37
13/16°
32
78"
2132
15/167
an
-
1116°
118"
136"
11/4°
1516"
13/8°
116"
e
18N16"
15/8°
1117187
134"
113/16°

75"
8
85"
P
95"
10"

=S

Taper
g
115/16°

21/8°
214
238
212
25/8"
23/4°
218

318
kN7
338°
3120
35/3°
334"
3718

418
414"
43/8°
412"

12
13°
14"
15°
16°
187
18°
19°
207

SMALL DIA.

Angle

& 56

s 13
s

10 42
118
1 53

Taper

Taper
45/
a8
g

51/8°
518
538"
512
55/8°
53/4"
£3/:

618"
61/4°
638"
61/2°
65/8°
63/4”

Per Faat

Angle
21° 48 55°

2
2
3
%
%
%
5
26
%
n
28
2
»
il
30
a0
a
N
2

n
57
2

6
40
19
48
22
56
30

4
k)
n
45
18
51
2%
58
3

8
50
12
28
aQ
51
Ex]
52
48
s
7
59






26

FORMULAE FOR TAPERS

T = Taper per inch

_ Z-R
L= ZT—R / 1+T2  Taper per foot=24 [m—z——_‘—m—,]
A
R= A VTFE-AF - A)]

B
z- E[‘/ L’+(B—A)’—(B—A):[

_ L—(Z-R) - L+(Z-R)
A=R Jivz-n 8=2 Ji-z-m
USEFUL CONSTANTS
7 = 3.14159 g = 3216

3:m= 95492 1+g= 01555
a'= 9.86%6 x +vg = 55399

VA= 177285 Yon= 12400
1+ = 68278 7+3= 10472

n+4= 7854 1+n= 31831
2= 64.32 1422 = 10132

1+vg = .17634 7 = 146459
7180 = 01745 LT+ hn = 62035

2r = 628318 VI = 801998
4r+3 = 418879 g? = 1034.226

= 31.00628 e = 271928
1:4/m = 56419 180° + = 67.2958°

In* = 214503
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sin (A = B) =sin AcosB + cos Asin B
cos (A+B)=cosAcosB FsinAsinB

_ tanA:tanB ~CotAcotB+1
tan(AiB)_‘ITrtanAtanB cot (A +B) =008 £ cot A
sin (A + B) sin(BA)
+ = — =
tan A tan B = A cos B CotAxcotB= G sin B

sin> A —sin? B = cos? B — cos® A =sin (A + B) sin (A — B)
cos®> A —sin? B =cos® B —sin> A =cos (A + B) cos (A — B)

sin Asin B= % cos (A — B) — %2 cos (A + B)
sin A cos B =% sin (A + B) + % sin (A — B)

_tanA+tan B _CotA+cotB
tan Atan B =CotA+cotB cot AcotB tan A + tan B
sin A=2sin %2Acos %2 A sin 2A = 2sin Acos A

tos 2A=cos>A —sin? A=1—2sin> A=2cos’ A— 1

__2tanA _ 2 s __2tan2A
N 2A= T an? A" CotA—tan A Sin A= an? %A
_cot? A—1_cotA—tanB _1—tan® %A
COt2A= ST A - 2 cos A 1+tan? %A

sin 3A=3sin A —4sin®A

3tanA—tan* A
= 3 - =
cos JA=4cos’> A-3cosA tan 3A 1-3tan? A



SOLUTION OF RIGHT-ANGLED TRIANGLES

29

n A = Side Adjacent @
2 h 0 = Sido Opposte 0
[~ H = Hypotenum
—A

s @ = Oy Tangent @ = Oy, Sacant 0= Wy

Cosine @ = ‘YN Cotangent @ = 50 Cosecant @~ E’D
To Be Found

Given Hyp. Adj. Side Opp. Side Angle Opp. Angls
Hypotenuse Cosine Sine

end — — VHyp? = AdiT Adj Ad)
Adjacent “Hyp “hyp
Hypotenuse Sine Cosine

and _— VHyp - Oop - Opp Opp
Opposite “Ryp “Hyp
Hypoly
i _ o o -
Angs Cosine Sine Angle
Adjscent Cotan

and - - - Opp
Opposite “Adi
Adicent AG _ Adjx o -
Angle Cosine Tangent Angle
°’°:;'e opp Opp x _ 90° -
Ange Sine Cotan Angls
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MENSURATION {1}

THE TRAPEZOIDAL RULE To obtain the area of irregular
figures divide the base of the figure into a number of equal parts
and erect ordinates at points of division. Measure the lengths of
these ordinates, then

Area = Length of one division x [(% first + last ordinates)
+sum of all remaining ordinates]
SIMPSON’S RULE For area of irregular figures. Divide base

of figure into an even number of equal divisions. Then the

Area = § width of one base division x [height of (first + fast
ordinates) + 4 (sum of even ordinates) + 2(sum of remaining

odd ordinates)]
GENERAL FORMULAE
Radian = 30~ 67.3° ang s tatlans = 1°

Now in an angle of 1radian, the arc is equal to the radius in length
~. The length of arc of any angle is equal to radius x angle measured
in radians.

In all the following formulae these abbreviations are used:—

R = Major Radius, r = Minor Radius,
D = Major Diameter, d = Minor Diamster,
C = Chord, H = Height,
S = Side,Length V = Volume,
A = Area

anR® =D*

SPHERE V = 3 4.189R? = 5 = 524 D

A = 4nR*= 2D? = 125664 R? = 3.1416D?

Y
R = i .6204/V°

TORUS or circular section ring.  V = 272R(r)? =
2
19733 Rr* =5 O(d)* = 24674D¢° A = 4r*Ar =

39.478 Rr = n?0d = 9.8696 Dd. Where R = Main Radius
of ringand 4 = Radius of Circular Section.
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MENSURATION [2]

SPHERICAL SECTOR V =3=R?H = 2.0944R%H = 3R*(R t+/R7 —14C?)

A=aR(2H + %C) C=2HA2ZR—H] Where H = Height of
segment above chord.

coNe v="RH L) a7R2H = 26180%H
A=rRVRTTAT=nRS - 157080 S=RT+HT - /ﬁT’+N’

CONIC FRUSTRUM  V =ty sH(D? + Dd + d?) = §7H(R? + Rr + 1?)
A=nS(R+r) =1.5708S(D + d) S=V(R-r* +H

2R?R
3

CYLINDER V=nR?H =.7854D?H. Circular Area = 2rRH = zDH.

Total Area = 27R(R + H) = nD(%0 + H)

PROLATE SPHEROID V= %ﬂﬂr’ =4.189Rr? = }nDd? = 5236Dd?
.

PARABOLOID V=%R*H = 1.5708RH = %D’H =.39270%H
A =% Prolate Spheroid

PYRAMID V= 4H x Arsaof Base - -0l sidoxSH /g, _ &%
R = Radius of inscribed circle

PYRAMIDAL FRUSTRUM V=g(A¢af\/ﬁ)
A = Area of Top a = Area of Bottom
PORTION OF CYLINDER V =1.5708R*(H + h) =.39270%(H +h)

Cylindrical Surface = R(H +h) Where H = Major Height and
h = Minor Height

HOLLOWCYLINDER  V =nH(R? —r?)=_7854H(D* - d°) =
1.5708 x Thickness of Wall x (D — d)

SPHERICAL ZONE V= 523635 + 5"+ H2)

Where P = Major Chord C= Minor Chord

Area of spherical surface = 21RH

R =\/':—’* (P2 +C* — 412

_M__4nR?_ s
CIRCULAR WEDGE  V =z x 75 = 0116MR

A= ;an x4nR? = 0349MR?  Where M = Angle of Wadge.
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GEOMETRY
Angles. Fig. 1.

Are formed by the meeting of twu straight lines. They
are measured by degrees. which are obtained by dividing the
circle into 360 equal parts by means of radii, each part being
an angle of one degree.

OETUSE
ACUTE

Fig.1.

Common Angles. Fig. 2.

The most-comrun angles are:
4 of a circle equals R

tth " . 60°
ith - " 45°
1/12th " - 30°
1/24th - . 130

Other angles are easily obtained from thesc.
The Triangle. Fig. 3.

The sum of tiic angles of any triangle equals 180°, and
the sum of any two of the angles, subtracted from 180°, will
give the third anzle.

The Circle. Fig. 4.

The circle and its diffcrent parts are oiten used in marking
out and solving prohlcn1§; therefore it will be of great help
to get a good understanding of its composition.

ARC
SEGMENT
CHORD
50° DIAMETER
p “,
N
<
<,
" k) (1
Fig.2. AcomrEREn®

Fig.4.



A Pulygon

15« plane figure bounded by inore than four straight sides.
and may be cither regular or irregular. The following are the
most common polygons:

No.of Angle Angle at

NAME sides at centre. circunierence.
Pentagon 5 72° 0
Hexagon [} ° 120°
Heptagon 7 514° 122
Octagan H 43¢ 133
Nonagor Y 40 140°

ecagon 10 36¢ 44

GEOMETRICAL PROBLEMS
To Bisect a Line. Fig. 5.

Let AR he the given line. Then, with A and B as centres,
and any convenient radius, describe arcs to intersect at C and D.
A line from C to D will bisect-and also be perpendicular to AB.
To Bisect an Angle. Fig. 6.

Let ABC be the given angle. Then with B centre and any
convenient radius, strike arcs at D and E. \With D and F
centres. strike 3ecs 1o intersect at F. A line from F w B
hisects angle ABC.

[+

° Fig.6.

Fig S

To Divide a Line into Any Number or Equal Parts. Fig. 7.

Let AB be the wiven line, and the number of part: o.
Draw line AC at any angle to AB and any length. Then
mark off on line AC beginuing from A, 6 equal parts. From
point 6 draw lire to B, and irom the otiier poiut< draw lines
parallel to AB. AR will then be ecqually divided.

35
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To Construct an Angle of 60°. Fig. 8.

Draw line AB any lencth. Then with A ceatre and any
radiug, deseribe arc CD.  \Vith D cenire aand same radiug, inter-
sect arc at E. A fine from L to A makes 6, angle EAD. T»
get « ¢ angle, biscct arc ED.

<
E

D
Fig.8.
To Reproduce a Given Angle. Fig. 9.

Let ABC be the given angle. Draw line DE any length,
and with D centre. and BA radius, describe arc FG. With F
centre and AC radius, intersect arc FG and irom point of
intersection draw linc to 1), This makes anzle FDG, equal to

ABC. \Vith variations, this method can be used to reproducc
almost any Agure.

c
B A
Fig.9.
G
o F 13

To Find the Centre of Segment of Circle. Fiz. 10.

\With A centre and- A radius, strike arc at C. Then, with
B centre and same radius, strike arc to intersect az C. A per-
pendicular line iroin C will strikc the centre of tie segment.

To Find the Radius of an Arc. Fig. 11,
Let AB be the viven arc. Make poi
middle of the arc. \Vith .\ centre and a
at D and E. With centre and samne ra
and G. Then, with C centre and same ra
secting arcs at DEF and G, \Where lizes t!

iy the
arcs
at [
inter-
DE and

nt C



FG intersect at H. will be found the point from which arc AB
was described. This mcthod is also used to describe ax arc
through any thrce points not in a straight line, with AB and
C representing the points.

Fig.10.

Fig.1.

To Find a Straight Line Equal in Length to an Arc. Fig. 12,

Let AB be the given arc. Then find the radius of the arc
(Fig. 11) and from the centre O draw line to A. Then d-aw
line AC at right anzles to OA. Draw chord BA and prolong
to D, making “AD half the length of chord BA. \Vith D centre
and DD radius strike_arc at C. Then straixht line AC will
equal length of arc AR.

c

o
Fig-12. Fig. 13.

To Inscribe a Hexagon within a Cirele; Fig. 13,

With radius oi circle AB, make points C D E F G H
Draw lines {from point to point to form hexugon.
To Describe a Hexagon about a Circle. Fig. 14.

Draw line AB to pass through the centre of circle a: C.

and circnmference at . With E eentre and EC radivs, cut
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circumference at F. Draw chord EF. and a line irum C through
F. Draw line HG parallel to chord EF. With C centre and
CH radius, describe vuter circle.  Then hexagon formed within
outer circle will also be described about inaer circle.

F

G
Fig.14.

To Construct an Oval. Fig. 15.

Draw major ax‘= AB, and minor axiz CD. Draw line C\.
With E centre and EC radiuz cut AB at F. With C centre and
FA radius, cut CA at G, Bisect GA and draw line through
cut minor axis linc at H, and majr axis at J. JA then gives
radius for ¢nd arcs, and HC gives radius {or side arcs of oval.

X, T

. D
Fig.15
To Construct an Oval with only Major Axisa Given. Fig. 16.
Divide major axis AB inta 4 cqual parts at C D E. and
draw minor. axis ine through D. \Vith E centre and EC
radius. cut minor axis at F and G. Draw lines itom F and G
through E and C. \With E and C centres and CA radius,

describe enq arcs XX and HH. Then, with F and G centres
and FH radius. complete oval with side arcs HX.
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F
M |
A C o] E 8
G
Fig6.

To Construct an Oval of Egg Shape. Fig. 17

_ Draw major.axis AB. Then with A centre and the
minor axis as radius, strike point E. Draw minor g ch
through E. With E centre and ED radius, deseribe a tliree-

quarter circle from D) through A and C to F. Draw a lire
from D to D and crect a perpenelicular irom F to strike DI
at G. Then irom G draw a horizontal line to strike D
\WVith B cenise and DEL radius, strike point au [, and
from J to H. bisect JH, and project bisccting line to K:
then gives ralius io- arcs DX and CX. With [ centre.
plete oval with arc XX.

X

o
x X
£
N N
)
w
w X
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To Construct an Egg-shaped Oval, with only Minor Axis Given.
Fig. 18.

Draw minor axis AEB, and with E centre, and EA radius,
describe circle. Draw major axis line XX of indefinitc length
Draw lines AD and BC through F. Then, with A centre and
AB radius, describe arc BD. With B centre, and same radius,
describe arc AC. Then, with F centre and FC radius, complete
aval with arc CD.

Fig.18.

(T
2

To Inscribe a Regular Polygon of Any Number of Sides within
a Given Circle. Fig. 19,

Wnlhm the given circle draw two diameters AB and CD at
right angles. Divide CD into as many equal parts as the
polygon has sides (emht here. as an example). With A centre
and three-quarter oi length AQ as radius, strike point E. Draw
line from E through point 2 to strike circumference at F.
Chord FD then gives one side of the required polygon.
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SETTING UP AND MEASURING OF ANGLES
The dard toals for layil t and
ar.

ing of
angles are the protractor and the sine b; When issuing
the sine bar for checking, the component has to be put on
the sine bar or sine table and slip gauges are placed
under one end of the bar until one angle face is parallel
to the surface plate (fig. 2). To find the appropriate
amount of slips which have to be used, the figures for
“sine” in the trigonometric table have to be looked up.
In case of a 10in. sine bar the figures in the table have
10 be multiplied by 10, if a Sin. bar has to be used, the
figures have to be multiplied by S.

EXAMPLE:

To set up a J0° angle, the sine of 30° has to be looked

up in the trigonometric table. i X

in *=0.500, for 10in. sine bar a Sin. slip has
to be used, for Sin. sine bar, 2.500 slips have to be used.
. If the job in question is too bulky to be put on the
sine bar, or an adjustable angle bracket has to be set up,
the sine bar can be turned over and can be used as ex-
plained in fig. 3. In such a case, the height over the
roller has to be taken with the height gauge and the
difference in the heights has to correspond with the
firures of the sine of the trizonometric table multiplied by
10 or § respectively.

If the faces are too small to permit the use of a 10in.
or Sin. sine bar, an auxiliary lin. sine bar is easily made
up by two 1-in. rollers, as shown in fig. 4. The rollers
are touching each other and the difference in heights
taken over the rollers must correspond with the figoree
of the trigonometric table. A piece of plasticine helps to
keep the rollers in position,

CHECK OF ANGLE WITH TWO ROLLERS (fig. 5).
Set up one face of angle perpendicular to surface

plate ans in  per dicul; centre-di

rollers by means of a dial or height gauge. (Watch

unequal roller diameters). The angle can be worked out

—-r

a
by means of formula tan— =
2

R=radius of larger roller.

r=radius of smaller roller.

If the perpendicular setting of the job cannot be
achieved, ascertain the centre-distance (C) with slip
gauges and the angle can be worked out by means of

—r

formula sin ;=

ANGULAR POSITIONING OF PINS (KEY WAYS) TO
CENTRE LINE OF CYLINDER BORE (fig. 6).
The problem to position a pin or key way in angular

relation to the centre line of the bore can be solved as

follows. The requested angle between pin and centre

line=a, the radius (R) of the bore is known, drop a

roller in the bore (r=radius of roller) so that it touches

the pin. Radius of pin is alsc‘:& known (A). The angle
+r

() can be worked out sin b=

—-Tr,
measure with height gauge perpendicular position of
centre of roller for centre of bore (y), calculate (y) by
means of formula y=(R—171) x cos (a+b). If the calcu-
lated value of (y) agrees with the measured value of (y),
the centre angle (a) is correct.



MEASURING OF DOVETAIL SLIDES (figs. 7 & B).

a
a=x—D (1+cot —), e=h x cot a, alt=are
2

a
b=y+D (1:cot ;), c=hxcot a, bit.sb—2c.

The value for (x) can be obtained through micing
over the rollers. . .

The value for (y) can be obtained by means of slip
gauges between the two rollers. D=roller diameter,

TAPERS
SETTING A PRECISION TAPER (fig. 9).

The amount of a taper is usually given on the
drawing, cither in inches per foot or in .degrees. To find
the angie in degrees for given taper per foot, divide the
taper in inches per foot by 24, the result of this division
represents the tangents of hall of the included angle
(= angle with centre line). R .

Example: What angle is equivalent to taper lin. per

1 a ., "» o
foot? —=.04166, tan — =.04166, look up under “tan" in
2 2
trigonometric table,
a .
Result: —=2° 23ft. 10in., a=4" 46(t. 20in.
2

For setting up a taper on the lathe, look up under the

coluinn “tangents” the value of half of the included angle
in the trigonometric table. This value represents the rise
of the taper per inch and can easily be sct up by means
of 3 dial gauge which has to be fixed into the tool post on
the centrc line of the job. Use the lead screw nut
(thread catching device) or slip gauges positioned against
A stop to control the horizontal movement of the slide.
If the rise of the clotk per inch of the horizontal move-
ment corresponds with the ascertained figure on the “‘tan’
column, the taper is set up correctly,
. _Example: Set up included angle 4° 26it. 20in., half
included angle or angle with centre line=2' 13ft. 10in.,
tangents of this angle=.0416in., which figure represents
the rise of the taper per inch of the clock fixed in the
tool post,

CHECK OF TAPER.

The usual way of checking a taper is the sine bar.
The job has to be put between .the centres of the sine
bar. "Slips, corresponding to the augle with the centre
line (see chapter—measuring of angles), have to be placed
under the end of the sine bar. If the taper is correct, the
face of the taper must be parallel to the surface plate,

TWO ROLLER METHOD: sleep taper (fig. 10).

The angle of a short and sleép taper can be checked
by two micrometer readings over two pairs of rollers of
different sizes, A=reading over large roller, B — reading
over small roller, D and d=diameters of large and small
rollers respectively.

x (D—d)

tan —=——80«—— —

2 (A—B)—(D—d)

TWO ROLLER METHOD: small and long taper (fig. 11).
. Taking two micrometer readings over a pair of- rollers
in a different heights, the taper can be worked out
according X: ﬂi; formula:—

tan x
A=measurement over rollers placed on slip gauges.

B=measurement over roller on small end of taper. _
y=amount of slip gauges, x = angle with centre line.
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CHECK OF INTERNAL TAPER (fig. 12). .

Two balls of different diameters are to be placed in
the internal taper aad the distances of the top o the ball
to the upper end of the taper ring measureu by means
a denth micrometer. The angle x may be found from
the formula:—

. R—r
sn X ————— ——
(A+r)—(B+R)

A=reading of depth micrometer to the top of small
roller. .

B=reading of depth micrometer to the top of large
m“err'and R=radius of small and large roller respectively.

x=angle with centre line.

CHECK OF END DIAMETERS OF TAPER RING
GAUGE (fig. 13).

Given: Angle with centre line of taper gauge x.
Thickness of Ring Gauge D.

Place_in the bore of the gauge one ball with koown
radius (R) slightly protruding over the top of the gauge
and measure difference in heights {rom top of ball to the
upper face of the gauge (U). The end diameters of the
gauge may be found from formula:—

Top diameter B=2 (R cos Ux+R —U) tan x

Bottom diameter A=B — (2D tan x).

CYLINDRICAL BORES AND SEGMENTS

A system of checking bores not well enough known to
operators and inspectors is explained in fig. 14. Build
up the dimension of the hore in question with two well
calibrated rollers and slip gauges and insert it in the
bore, or slip the component over the built up dimension
‘With some practice, accuracy of .000lin. can be ascer-
taincd. Components in the machine can also be checked
in the same way. Slight trouble may be encountered to
keep the built up dimension, square in the bore when
inserting. This can be simplified by means of a small
gadget consisting of a well calibrated ball, sweated on a
stem (fig. 15) which has to replace one roller and no
difficulties when inserting will be encountered.

BORE OF CYLINDRICAL SEGMENT.
To find the diameter of the bore of a cylindrical
segment the general known formula:—
chord)? + (height)?
dia,a=————————— has to be applied.
height
If the faces of the segment are square and flat and
the job can be held down on the surface plate, the most
precise and convenient method is the checking of the
job with slip gauges and rollers of equal size in the
vertical and horizontal direction. To obtain the height
(y) and the chordal dimension (x) see fig. 16.
x=3x (amount of slips+diameter of roller D).
y=amount of slips in+ v’er(ieal direction,
x2

Diameter of bore

+diameter of roller.

Ii the faces are not flat or the job cannot be held
down, position the job on the surface plate as shown in
fig. 17, ‘Level up the two rollers, after having inserted
the appropriate amount of slips and ascertain in this way
the chordal dimension (X). Measure with the height
gauge the horizontal position of the centre line between
the twa rollers. To find the dimeasion (y), one roller of
the same size has to be dropped into the lowest spot of
the bore (see dotted lines) and the position of the centre



of the ball may be measured with the height gauge.
The difference between the two height gauge readings
is the requested height (y).

X7 +y?

Diameter of bore=——
\4

OUTSIDE DIAMETER OF SEGMENT.

. Sometimes broken parts -of machines, gears, cylin-
drical discs, ete,, are delivered into the tool room for
replacement. Often only seginents of such parts are
available and the outside diamcter has to be checked.
Proceed as follows (fig. 19):—

Hold the component down on surface plate as shown
on drawing and placc two rollers of equal size under the
outside diameter of the segment, Take a micrometer
reading over the rollers (A). The reading (R) of the
segnient may be Iound:lmm the formulas:—

—er

=-—; r=rddius of rollers.
ar

HINTS FOR TURNERS_i_CGRINDERS, FITTERS,
ETC.

With a_little effort you can make yoursell a few
gadgets which will improve your efficiency considerably.
ith a gadget sketched in fig. 20, you can,transform
an ordinary micrometer into a wall micrometer. The
inserted steel ball 1s held in position by means of a cap,
which can_be slotted to fit the difierent sizes of anvils.
By deducting” the diameter of the ball from the micro-
meter reading, you can read directly the wall thickness
of your bore and check the concentricity of the job. By
measuring the wall thickness and deducting twice the
amount from the outside diameter, the check of the size
of the bore within accurate limits is- now an easy matter,
. Two-pointed caps are also easily made (fig. 21). The
miorometer has now been transformed into a point micro-
meter, which enables you to check, precisely, recesses,
core diameters of threads, etc, .

Even a thread micrometer can be replaced by making
one cap pointed, to fit the spindle and another cap with
a “V" slot to fit the anvil (fig 22). When producing
these two caps, the thread angle has to be considered.

In shops where a lot ci grinding of three-fluted tools
bas to be done, a small 60° “V” glock, which is easily
adjusted to fit the micrometer, will save you a con-

time hecking the di of the three-
fluted tool. (fig. 23). Rased on trigonometrical rules, the
deduction of 3 of the micrometer reading gives the outside
diametec of the three-fluted tool.

When holcs have to be drilled in accurate positions
the following gadget (fig. 24) will be used very advan-
tageonsly, Two gadcets are necessary and each consists
of two parts, one ablong part. with a small reamed hole,
and onc cylindrical part with a cylindrical pip, which
has a good push fit in the small cvlindrical hole of the
oblong.  The pip has to be concentric to the outside
diameter of the cylinder and the centre line iust be
square to the face of the oblong. which has to be hardened
and ground. as the small bore has to be used as a guide
for the.drill.

When driling holes in position, use the two gadgets
as fallows:—

Clamp the oblongs tightly on the job, and set up
the reauested distances by means of slip rauges between
the cylindrical pins. After having ascertained the posi-
tion, tighten up clamps and pull out the nins and use
the small holes in the oblong as a drill guide.
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