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SHAFTING, KEYS AND KEYWAYS

Horsepower Transmitted by
Shafting

A question which often meets the ma-
chine designer is that of determining
the horsepower that may be safely trans-
mitted by a shaft of a given diameter at
a given number of revolutions per min-
ute. Quite as frequently the horsepower
and the speed are known, and it is re-
quired to find the diameter of the shaft
which will safely transmit the given
power. On page 4 a table is presented
giving working proportions for shafting
of medium steel; this table will be
found useful whenever either of the
above problems are met with.

Assume, for example, that it is re-
quired to find the diameter of a shaft
for transmitting 40 horsepower at a
speed of 250 revolutions per minute. The
shaft is not subjected to any bending
action except its own weight. Consult-
ing the table to the left on page 4 and
locating 40 in the body of the table, in
the column under 250 revolutions per
minute, we find in the extreme left-hand
column that the diameter of the re-
quired shaft should be two inches. The
table also gives the maximum permis-
sible distance between the shaft bear-
ings, which in this case is slightly more
than 14 feet.

When the exact horsepower given can-
not be found in the table, it is advisable
to take the nearest larger value listed
in the table, and find the diameter of
shaft required to transmit this horse-
power.

On page 5 a table is given for finding
the horsepower which can be safely
transmitted by cold rolled steel line
shafting. The body of the table gives
the horsepower. For example, assume
that a 3-inch shaft revolves at a speed

of 400 revolutions per minute. What
power can this shaft safely transmit?
By locating 3 inches in the left-hand
column, and 400 at the top of the verti-
cal columns at the head of the page,
and following the vertical column down-
ward until opposite 3 inches, we find
that under the given conditions 154
horsepower may be safely transmitted.

On pages 6 and 7 are given the horse-
power which may safely be transmitted
by turned steel line shafting. In this
case the diameters are carried up to 12
inches. The tables on pages 5, 6 and 7
are used by the transmission depart-
ment of the Jones & Laughlin Steel Co.
These tables are based on the assump-
tion that bearings are placed at inter-
vals of from 8 to 10 feet, and that all
pulleys are located near the bearings.
The reason why the table for cold-rolled
steel shafting is carried up only to 5
inches diameter, is that 5 inches is the
largest diameter cold rolled at the pres-
ent time.

Diagrams for Strength of
Round Shafts

On pages 8 to 11, inclusive, are given
diagrams for determining the dimen-
sions of round shafts under different con-
ditions. The diagram on page 8 is
intended for finding the diameter of the
shaft when the twisting moment and
the fiber stress are known. Assume as
an example that a shaft is subjected to
a twisting moment of 100,000 inch-
pounds, and that the allowable fiber
stress is 8000 pounds per square inch.
The twisting moments, in thousands of
inch-pounds, are given on the scale
at the bottom of the table, and the fiber
stresses are represented by the diagonal

(Continued on page 16.)
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No. 7

SHAFTING, KEYS AND KEYWAYS

5

HORSEPOWER TRANSMITTED BY COLD ROLLED STEEL LINE SHAFTING

Number of ﬁevo/&;‘/_ans Per Minvte

Diameter]
of Shaft|j00| 125 | 150|175 | 200|225 | 250|275 | 300|325 | 350|400 250|506 | 560|600
/% 48| 60| 72| 84| 96|108|120|132|144| /56| 169|192 22| 24| 26| 29
1% | 55| 68| 82| asi09]|i22| 136|150 164]177] 190] 22| 25| 27| 30| 33
1% - | 61| 76] az|i07|122|13.8]153] 168|184 199] 2/| 24| 28] 3/| 24| 37
1% | 69| a6|103|120(137]|154|17.1]188] 2/| 22| 24| 27| 31| 34| 38| 4/
1% 77| 96|115|134|153|17.2|19.1| 21| 23| 25| 27| 3/| 34| 38| 42| 46
1% | 85| 106|127] 148|169 190| 21| 23| 25| 28| 30| 34| 38| 42| 46| 5/
/% 94|17 14| 164|188 21| 23| 26| 28| 3/| 33| 38| 42| 47| s2| 57
1% |104]130|156|182| 21| 23| 26| 29| 3/| 34| 36| 42| 47| s2| 57| ez
2 114] 143| 172| 20| 23| 26| 29| 32| 34| 37| 40| 46| 57| 57| 63| 69
2% |126|157|189| 22| 25| 28| 3/| 35| 38| 41| 44| S0| 56| 63| 69| 76
2% 1370171 21| 24| 27| 31| 34| 38| 4/| 45| 48| 55| 6s| 68| 75 82
2% |150|/87| 22| 26| 30| 34| 37| 4/| 45| 49| 52| 60| e7| 75| 82| 90
24 |163| 20| 22| 29| 33| 37| /] 45| 49| s3| s7] 65| 73| 8/ 89| 98
2% |177] 22| 27| 37| 35| 40| 44| 49| 53| 57| ez| 7/| 80| 88| 97| /06
2% |/92| 24| 29| 34| 38| 43| 48| 53| 57| 62| 67| 76| 86| 96|/05| 115
2% 2ol 25| 30| 36| 41| 46| 57| 56| 61| 66| 72| 87| 971|102 1127 122
23 22| 28| 33| 39| 45| s0| s6| 6/| 67| 72| 78| 89|100|/12|123]133
2% | 24| 30| 36| 42| 48| 52| 60| 66| 72| 78| 82| 96| /108|120|132| /44
2% 26| 32| 39| 45| 52| 58| 64| 7/ 77| 84| 90|r04|116|129|/42|155
2% | 28| 35| 42| as| 55| 62| 69| 76| 83| 90| 97|111|124]138]| 152|166
2% 30| 37| 44| s2| 59| 67| 74| 81| 89| 96{/04|179)|133)|148|163|178
2% | 32| 20| 47| 55| 63| 71| 79| 87| 95|103| 111|127} 143) 159|174 190
2% 34| az| 51| s9| 68| 76| 85| 93|/01|110]119| 135|152 /69| 186|203
2%¢ | 36| 45| 54| 63| 72| 8/| 90| 99|/08]117]127]124]162]181]199]2/7
3 39| 98| s8| 67| 77| 87| 96|/06|116|/26| 135|152} 173|192 2/2|231
345 44| 54| 65| 76| 87| 98| 109|120\ 13/ | 192|152| /74| 196|218 240|267
3% 49| 6/| 73| 86| 98| 110|122\ 135 127|159 172|196 22/ 245|270 294
3% 55| 69| 83| g6|110|124] 137151 165|179| 192|220\ 247|275 | 302|330
3% 6/ 77| 92|107|123({138|153|169| 184|199 |2/4|245|276|307]337|367
3% 68| 85|102|119|136|153| 170|187 204|221 |238| 272|306 |340|374|408]
3% 75| 94113132151 170]189|207|226 | 245|264 |30/ |340|377 |as5|252|
3% 83| 104|125\ 145|166 187|207|228| 249|270 |29/ | 332|379 | 215 | 456|498
4 92| 114|137 |160|183|206|229| 252|274 (297|320 | 366|411 |457| 501|529
4l |101|125|150| 175|201 |226| 257|276 300|325 (351 |40 [asr |50/ 551 60/
a4 |110]137|164|192|219|246| 273|301 | 328| 355|383 | 438| 992|547 601|657
4% |120|150|180|210|239|268| 298| 328|358 | 388|418 | 478 538|597 657|777
4% |130|163|195|228|261|293|326|358| 391 423|455 52/ | 586|651 776|787
a%y |1a1|1771212]247|283|318| 354|389 | 425|460 |295| s66| 636|707 | 777|848
4% |153|191|230|268|307|344| 382|421 |459|497|537|6/3| 688|765] 820|919
4% 1166|207|249|290|331|372]|4/3|455| 496 | 538|580 | 662| 745|827 | 909| 994
5 179|224\ 268313358 402 | 247|49z2| 537|587 | 625 | 7/5 | 805 | 895|984 | 1074
Contributed by Frank Wackermann, Pittsburg, Pa. Explanatory note: Page 3.




6 MACHINERY’S DATA SHEETS No. 7
HORSEPOWER TRANSMITTED BY TURNED STEEL LINE SHAFTING

Diameter Number of Revolutions Per Minuite

of Shaft| 100 125] 150] 175 200 225] 250|275 300] 325 350 [ 400] 250 500] 550] 600
I’z 37| 47| 56} 66| 75| 84 924|/03|11.2]/2.2|/13.1|150|1639|188| 2/| 22
t% | 42| 53| 64| 74| 85| 9.5]106|11.6|127|13.8|148|17.0|190| 2/| 23| 25
1% | 48| 59| 7./| 83| 95|107]11.9|135.11143{155|166|19.0| 2/| 24| 26| 28
1% | 53| 67| 80| a3|i07|120|134|14.6]16.0|174]187] 2/ 24| 27| 29] 32
1% 59| 74| 89|104]11.9[13.4|149|164|17.9]19.3] 21| 24| 27| 30| 33| 36
1% | 66| 62| 99(11.5]132([148|16.5|18.1|198] 21| 23| 26| 30| 33| 36| 40
1%y 73| a1l11.0|12.8]147|165|183| 20| 22| 24| ze| 29| 33| 37| 40| 4«
1% | 8.1]100lr2.1]14.1]161)182] 20| 22| 24| 26| 28| 32| 36| 20| 24| 48
2 89| 11.1113.3|156|178| 20| 22| 2a| 27| 29| 3/| 35| 40| 44| 29| 53
2% | 98| 1z3[127|172[19.6| 22| 24| 27| 29| 82| 34| 39| 44| 49| s4| s9
2y |10.6|13.3|16.0|186| 21| 24| 27| 23| 32| 35| 37| 43| 48| 53| 58] 64
2% |11.6]146]17.5[200] 23| 26| 29| 32| 35| 38| 41| 47| 52| 58| e4| 70
2% |1z.6|158| 190|220 25| 28| 32| 35| 38| 41| 42| 51| 57| 63| 70| 76
2% |137]172] 21| 24| 27| 3/| 32| 38| 41| 24| 48| 55| 62| 69| 76| 82
" 2% |14.9]186| 22| z6| 30| 33| 37| 4/| as| 48| 52| 60| 67| 74| 82| 89
2% |16.0| 20| z4| 28| 32| 36| 40| 42| 48| 52| 56| 64| 72| 80| 88| 96
2% |174] 22| ze| 30| 35| 39| 43| 48| s2| s6| 6/| 69| 78| 87| 95|04
2% |18.7] 23| 28| 33| 37| 42| 47| 57| 56| 61| 66| 75| 84| 94|103|112
2‘% 20| 25| 30| 35| 40| 45 _.50 S5 60| 651 7/ 80| 9o|/oo|tro|lz20
2% | 21| 27| 32{ 38| 43| 48| 54| 59| 65| 70| 76| 86| 97]108|118]/29
2% 23| 29| 35| 40| 46| 52| 58| €3] 69| 75| 8/ 92| 104|115]127|138
2% | 25| 31| 37| 43| 29| 56| 62| 68| 74| 80| 87| 99|//1|124|136| /28
2% | ze| 33| 40| 46| 53| 59| 66| 73| 79| 86| 92|105|119|132| 145|158
2% | 28| 35| 42| 29| s6| 63| 70| 77| 84| 91| 93|113|127|141|155| 169
3 30| 37| 45| 52| 60| 67| 75| 82| 90| 97|105|120|135|150] 165|180
3% | 34| 42| 51| 59| e8| 76| 85| 93[r02]|111]119]|136] /52| 170] 186|203
3% 38| 48| 57| 67| 76| 66| 95|105|114|124|134|153] 172]19/|210|229}
3% 23| 53| 64| 75| 65| 9¢|r07|118|128|139|150]|177| 192|213 ]|235| 256
3% 28| eo| 72| 83| 95(107|119]131|143| 155|167 190|214]|238|262| 286
3% | 53| 66| 79| 93[106|119]132|1a5|159|172|185(211|238| 265|291 (317
3% 59| 73| 88| 103|117]132] 146|161 176|190 205|234 264| 293|322| 357
3% 65| 81| 97| 113|129]145|161|177|194|210|226| 258|291 |322|355| 387
4 71| 89|107|125|142] 160|178 195|213| 231 | 249| 284| 320|356 |39/ | 227
1% 78| 98| 117|136|156|176| 195|215|235| 254|273|3/2| 357 |390|429)| 268
a4y 85| 107|128 149170 192|213 | 234|256 | 277 | 298| 341 | 385|226 |469| 51/
2% 93| 116|139| 163|186 210|233 | 256| 279|303 | 326 | 372] 219|466 5/2 | 559
4% |102|127]152|178|203]228| 253|279| 305| 330|356 | 205] 456 | 507 | 558] 610
4% |110] 138 165| 193] 220| 247|275 |302| 330| 358| 385 | 2440|495 | 550|605 660
4% 119 149] 179|209 238| z68| 298] 327|557| 396|416 | 476| 537|595 654|774
47 |129| 161|193|226|258| 290|322 |355|387| 420|252 | 516|581 | 646| 710|775
5 139\ 174208\ 294|278 313|397 382|417 252|466 | 557| 625| 695] 765 835

Contributed by Frapk Wackermann, Pittsburg, Pa. Explanatory note: Page 8.




No. 7 SHAFTING, KEYS AND KEYWAYS 7
HORSEPOWER TRANSMITTED BY TURNED STEEL LINE SHAFTING
\DjameZer] Number. of Revolvtions Per Minute
of Shaft| 100] 125 150| 175|200| 225| 250| 275| 300|325 350|4200| 450| 500| 550|600
%8 | /50| 187] 225 262| 300|337 | 375|412| 450|487| 525 | 600| 675| 750|825 900
5h | /6/| 20/ 242|281 322| 362| 903| 443] 483|523 | $64| 644| 725| 805| 886| 966 |
5% |172] 215 259|301 |344|387|430|473| 516|559| 602| 682| 775| 86/ | 947 |/033
5% |184]230|277|322|369]42/5|46/|507| 553]| 599|645 738| 830| 922|/1014|/1106
5% | 197|247 297|345 395|445 495| 545| 593|642 692|791 | 890|989 | /0881186
% |2/11264|317|369|422|975| 528|581 | 633| 686|739 | 844| 950(/055|116/|/260
5% |z225|282(339|394|45/|507|564)62/|677]|733|789|502|1015|1128]1240|1353
6 240| 300| 360|4/9|480| 520|600\ 66/|720|780|840|960|/080//200)/320| /240
6% |255|320|384(446|5/1(575(639|704|766|830|894|/022|1150|/1278|/405|/533|
6% |27/|339(407|473|542|6/0{678|747| 8/3|88/ |949|/084|/220|/355|149/ /626
6% |287|360[432|502|575|647]|720|792| 863|935|/007|/15/\/295|/439|1582|/726
6% |305|38z2|459| 535|671 |687]764|841)|9/7|993|1069|/1222|/375|1528|/680|/833
6% |322|403|484|564|6a4|725|806|887|966|/047|1/27\|/269|/450|16/1|/772|/1933
6% |34/|427|513|598| 682|767 853|932|1023|1/08(1194|/364|1535|/705|/876 2026
6% |36/|4952|543|632|722|8/3|903|994|/083|1/73|/1264|/1444|/625|/1805|/986|2/60
7 381|476|573| 667|762\ 857 953/049|1/43|/238|/1333| /1524|7775 |1905)|2096|2286
7% 401|502\ 603|702|802|902 10031104 |/203|1303| /04 |1604|/805 | 200522062406
7Y% |423|529|636|742|847|952(1059)1166|1270(/375|148111693|/905)2/16 2328|2540
7% |445|567|670|782(891 (1003|1115 1227|1336|/048|1559(/782|2005\2228|2450|2673
7% la6a|s586| 7204|822|938|/055|1/73}129/|1006|1523(1641\/1875|2110\23494| 2578|2814
7% |492|6/6|740|864|987|1108|1231|/355\1477|/600|1722|/969|2245 | 226/ 2707|2953
7% |51/6|646|776|904(1033|1162|/1293|1422|1550|/679 /808 |2066|2325|2583|284/|3100
7% |s45|682|820|957|/03/|1227|1365 1502|1637 |1772(/909 |2152|2455\2728|5000|3273)
8 568|7/2|855(998|1138|1280(1423|1567(1707(/848|/99/ |2275|2560|2844 |3/26)|34/3
8% |593|742|892|1041|1187(1335)1484)1634|/17801/928|2076\2573|2670|2966|3263|3560
8% 1623|780|937\/094)/247|1402|1559|17/7|1870\2025\|2/181|2493/28053116\3428
8% |es51|816|980|1145)1305|/467|/632|1796(1957|2/19|2282]2608|293513261 3586
8% |e8r|853|i1025|/197|/1364(1533|/707\1873|204722/6|2387|2728|3070|341/ 375/
8% |7/3|8921072|1252|1427|1605)/785|/1964|2/40|23/8|2496|2855|32/0|3566
8% |744|9311119\|1306|14835|1675|/1863|2050|2233|2219|2605|2977|3350,3722
8% 1766|97211167|/363|/553|/747|1943|2/39|2330| 2523|2718 |3/106|3425|3883
9 80911013 121714211620 /822|2027|2231|2430|2632|2834|3240|3645|
9% |84a4li056\1263|1a82|1689(1900|2113 2325|2533 |2744)|2955|3377|3800|
9% |87810991321(1542|17£68|/977|2/198 |2420\|2637|2855|3075\3515 | 3955
9% |9/5|1/45/376(/606\|/831|2060/2291|2521|2747|2975\3204|3662
9% 9571119/111231(1671|1904|2122|2362|2622|2856|3094| 3334|3608
9% |989|/1238|/288(1737(1980|2227|2477|2726|2972|3218 |3464|3960
9% |1029|1288|1548|/808|2000|23/7|2577|2837|3090|3346|3604
9% |/063|1338|1608)1878|2/00|2407|2677|2947|32/0|347¢6|37:24
10 1111113881666 1944 |2222|2500|2778|3055(3333|36// (3888
10 |1/1951497(1798 |2100|2393| 2692|2994 3295|3590| 3808
10% V285(/608|1934|2258|2573|2895|3219|3543|3860|4180)
10% {1379 1726|2074|2422|2760|3105|3453\3800|4140|0454
1 1477\1850|2223|2595|2958|3327|3700/4073|4437
/1% 1688|2114\ 25402966|3380|3802|4247/4654| 5070
12 V1918 2402128863369 |3840|4320|4804|5288|576 0

Contributed by Frank Wackermann, Pittsburg, Pa.

Explanatory note:

Page 3.




No.

MACHINERY’S DATA SHEETS

TABLE |I. DIAGRAM OF TORSIONAL SHEARING STRENGTH OF ROUND SHAFTS FOR DIFFERENT

FIBER STRAINS PER SQUARE INCH
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SHAFTING, KEYS AND KEYWAYS

No.

TABLE 2. DIAGRAM OF TRANSVERSE STRENGTH OF ROUND SHAFTS FOR DIFFERENT
FIBER STRAINS PER SQUARE INCH
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MACHINERY’S DATA SHEETS No.

10

TABLE 3.

DIAGRAM OF STRENGTH OF ROUND SHAFTS FOR COMBINED
TWISTING AND BENDING MOMENTS
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SHAFTING, KEYS AND KEYWAYS

7

No.

TABLE 4. DIAGRAM OF ROUND SHAFTS

For Finding Diameters at Different Fiber Strains when Diameter for Fiber Strain of 7600 pounds has been found from

Table No, 3.
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MACHINERY’S DATA SHEETS
MOMENT OF INERTIA AND SECTION MODULUS OF CIRCULAR SECTIONS

No. 7

Moment of Inertia I= Fﬁﬂ Section Modulvs Z = 737243 '
O = Diameter in Inches. I=Moment of /nerfia. Z = Section Modv/ys.
0 I = 0 2 Z . L ¥4
/6 | 0000001 | 0.000024 25| 11240 10276 44| 20429 8.9462
4 | 00000r2 | 0000192 |25 | 12581 11183 45| 22460 97126
% | 0.000061 | 0.000647 |25 | 14036 12141 |4Z| 24989 | 10522
4 | 0000192 | 0.001534 |25 | 1.56/8 1.3152 43| 27726 | /1.374
% | 0000468 | 0.002996 |27 | 1.7328 /4218 |5 | 300680 | /2272
% | 000097/ | 0.0085177 |25 | 19/75 15390 |55 33605 | 13.2/5
Z | 0001798 | 0.008221 |22 | 24166 16520 55| 3729/ | 14.200
4 | 0003068 | 0012272 ]2%| 23307 1.7758 |s%| <0972 | 15245
2 | 0ooasr4a | 0017475 | 2f| 25607 1.9057 || 44918 | 16.334
% | 0.007490 | 0023968 |23 | 28074 20417 |$%| 49443 | /7473
% | 0010967 | 0.031902 | 23| 30714 21841 |53| s£3659 | 18.664
% | 0015532 | 0.041218 |2%| 335357 23330 |s5| s8479 | 19908
2 | 0021395 | 0.052659 |2§| 36550 24885 |6 | 63.6/8 | 21206
% | 00z8774 | 0.065769 | 3 | 3.976/ 26507 |65| 69.067 | 22.559
£ | 0037919 | 0.080894 |34 | 43/79 28199 |6%| 74.902 | 23.968
/ | 0.029087 | 0.098175 |3% | 46814 2996/ |6%| 81076 | 25436
g | 0o6ze | os178 |3%| £0673 3/79¢4 |6i| 87.624 | 26.96/
15| 00786 | 01395 |34 | 54705 3370/ |o3| 94562 | 28.547
1} | 00976 | 01644 32| %910/ 35684 |6%| r01.90 | 30193
/3| 01198 |o01918 |3%| 3689 37742 |6%| 109.66 | 3/.902
g | 0ore57 | ozzz0 |3 | 68540 39878 |7 |/17.86 | 33.674
/| 01755 | ozs52 |3f| 73062 42092 |74| 13562 | 37.4/2
/% | 02096 | 02916 |3%| 79066 44368 |74 | 15532 | 9/.4/8
/| 02485 | 03315 |34| 84762 26765 |73| 177.08 | 25699
/| 02926 | 03795 |3f| 9076/ 49226 |8 | 2z01.06 | sv.205
15| 0.3423 o4213 |32| 97073 51772 |8%| 227.35 | s5/27
g | 03980 |oarr7  [3F| 1037/ 54404 |8i| 266.2¢ | Go.292
/3 | 04602 | os26z |3%| 1/.068 £7/2¢ |83| 287.74 | 65.769
/%8| 05298 | 05846 |3#| 11.799 59932 |9 | 32206 | 7/.569
15| 06067 | 0647z |4 | 12.506 62832 |9}| 35937 | 77.70/
/g | 0ears  |o71a0 |44| 1a.2/2 6.6908 |94| 39962 | 84/73
2 | 07854 07852 44| 16.0/5 7.5364 |97| 443.60 | 90.994
2t| 06se3 | 0sera |43 17.954 8z2/2 |/0| 49087 [98./75
2%| r.00/0 0.942/

Contributed by John S. Myers, MACHINERY’S Data Sheet No.

87. Explanatory note: Page 16.
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SHAFTING, KEYS AND KEYWAYS

13

SHEAR STRESSES COMBINED WITH TENSION OR COMPRESSION STRESSES

Let & = Uni# Shear; & =Un/# Tension or Compress/on,

G = Maximum Cornbined Urnit Shear;

Zm = Maxiimurm Cornbined Unit Tensiorn or compression.

Then Spm=J/52+ Z = s e 5)2 - Sy

And &y = 27"/527‘ i(z +2./(2;r) *v)= 2.

Eerx |2 g | & |Z g e x
0.05 1.0025 10.0499 0.05 /.0003 20.5060
0.10 1.0099 50990 0./0 1.00/2 70.5/30
0./5 Li0220 3.480/ 0./5 /.0028 7. /854
0.20 1.0385 2.6926 0.20 /.0050 S.s250
0.25 1.0590 2.236/ 0.25 1.0078 4.53/2
0.30 1.083/ 1.9437 0.30 1.0/72 3.8706
0.35 1.1703 1.7438 0.35 1.0/52 3. 4006
0.40 1./403 1.6008 o.40 1.0/98 3.0495
0.45 1/727 | 1.4948 o0.45 /o250 2.7778
0.50 1.207/ 12142 o.50 /.0308 2.56/6
0.55 /.2433 1.3515 0.55 /.03 77 2.3857
0.60 1.28/0 1.3017 0.60 1.0440 2240/
0.65 /.320/ 1.26/6 0.65 10515 21177
0.70 /.3602 /.2289 o.70 1.0595 2.0/35
0.75 e /.20/9 .75 /.0680 /.9240
0.80 /. 4434 /.1793 0.80 1.0770 1.8463
0.85 1.4862 1.1602 0.85 /.0866 /. 7783
0.90 /. 5296 1./440 0.90 /.0966 /. 7/84
8. 95 1. 57325 /. )300 0.95 /1077 /.6653
/.00 7.6/80 1.1/80 J.00 | /./180 7.6/80
1.05 1.6630 /.1076 /.05 /.1294 1. 5757
1./0 /. 7083 /.0985 1./0 VAZIX; /. 5375
/.15 /. 7540 /.0904 1.05 11535 /. 503/
/.20 /. 8000 /. 0833 1.20 1./662 1.27/8
vy /.8463, 1.0770 1.258 1./793 /. 4234
/.30 /.8928 - Lo7/4 /.30 1.1927 1. 2/75
1.35 /.9396 /.0664 /.35 | 12065 /.3937
/.40 /. 986G 1.0619 /.40 /. 2207 1.37/9
/.45 2.0338 1.0578 1,45 /. 2352 1.3578
EEG 2.08// L0542/ /.50 /.2500 /3333

Coutributed by John 8. Myers, MACHINERY’S Data Sheet No. 87.

Explanatory note: Page 17.
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MACHINERY’S DATA SHEETS No.

14

COMBINED BENDING AND TORSIONAL MOMENTS—I

Al valves may be read /in funareds or fhousards of 1mch powsrs.

3668 13697 | 373/ |3770138/2 | 3659|3963 | 4080 | 4208 | 237¢

valves af right of heavy Zig-Zag line across upper right-tfand corner are for /he bending /mormerr/s
2,000 fo 4500, inclusive, in right-tand colvrms.

Torsional Moments /n /nch Povnds =M. g
$0 | 100 | 150 m%f._ 250 | 300 | 200 | s00 | 600 | 700 | s00| 900 | 1000 | s200 | 1200 | SE0O | 4800 |#E
o L] 70.77| 777.8| 738.1| 206.2] 250, 304.1| 403.7| 202.2| GOZ/| 2779 | 2132 | 2/93 | 2236 | 2332 | 244] | 2367 | 2697 | 2590
B [ 120.7 | /61.8 | 208.1| 256.2] 305.0| 354.1] 453.1 | 552.5| 652,/ 4//9 | 2/54 2/93 | 4236 | 4532 | 2447|2567 | 269/
= L A 12501 167.7] 213.6| 26/.0] 309.2] 407.0] 505.6| 604.7| 704.0| S03.5) 2377 | 2417 | 2506 | 2608 2720 | 2843
B 11657 [200.0] 2d2.7] 258.6] 336.0] 364.2] 462.0] 580.6| 679.7 779.0| 876.5| 2577 | 46/7 | 4706 | 4608 4920 023 <207
o LV //].8] /4141 180.3] 225.6| 269.3| 3/6.2] 412.3| 509.9] 605.3|_707./| 606.2| 2563 | 2600| 2655 | 2778 2884 3000
B 2i7.8 2414 | 280.3] 323.6] 369.3] 416.2] 512.3| 609.9| 708.3] 807./| 906.2| 4963 | 5000 | 5083 | 5/78 | 5284 | $200] 2499
125 T | /34.6| /160./ | /95.3]| 235.9| 279.5| 325.0| 4/9.11 575.4| 6/2.9] 7//./] 809.7| 308.6| 2786 | 2864 | 2953 | 3053 | 3/62
[ B 2596 | 2857 | 320.3|-360.9] 404.5| 450.0] $44.7| 640.4] 737.9] 836.1| 954.7] 1034 | 5386 | 5404 | 4555 | 5655|5762 | 200C
/50 L1128 7B0.3 [ 2/2.7] 2500] 29/.5| 333.4| 427.2| 322.0] 678.5| 7/5.9| 8/3.9| 9/228) 2973 | 3046 | 3/3/ | 3225 332¢
B 305,71 | 330.3| 362/ 400.0] 441.5] 4854| 577.2] 672.0] 768.5] 865.9| 963.9 /062 | 5772 5646 | 593/ | 6025 [6/29 | 599
o 200 [ L2062 22361 2500] 262.8 320.2] 3606 4472|5365 632.5] 726.0| 624.6| 9220/ 1020 | 523/ | 33// 1340013999 5500
3 B | 406.2 | 423.6 | 450.0| 482.8| 520.2| $60.6| 647.2 | 738.5 | 832.5| 928.0| /025 | //22 | /220 3 53/] | 6400 | 6499 |
250 | L | 255.0] 269.5] 29/.5| 320.2] 3536 390.5| 47/.7| 559.0( 960.0| 743.3| 838.2| 954.7] /03] 3770 384813936 | 3255
v B [ 303.0 | 579.5| 24/.5| 570.2] 603.6] 640.5] 72/.7| 809.0| 900.0] 993.3| /088 | 1184 | /281 | /276 | 7200 | 7348 | 7236
w [Go0 L 30421 3/6.2] 3354 360.6] 390.5] 424.5] $00.0| $83.11 670.5| 76/.6| 8544 948.7| /044 | /237 | /432N 430843586 | , 0
N - 1B 160221 616.2 1 6354 660.6] 690.5| 7243 800.0| 883./ | 970.8| 7062 | /754 | 7249 | /344 | 7537 | 7732 | 8308 83862
S [3s0 L3256 [ Jedo| 380.5] 203./] 430.11 46/.0( 53/.51 /0.3 6946| 782.6 873 2| 965.7| /059 | /250 | /443 | /632 V4877| 4 500
S B 703.6] 7/4.0 | 730.8] 753.1| 780.7] 811.0] 881.8| 960.3| /045 | 1733 | /223 | /3/6 | /409 | /600 | 7793 | /988 | 9347
N oo L 403./[4/2.5] 227.2] 4472 47.7] 500.0{ 365.7 | 64a3| 72/.]| 806.2| 8944| 954.9 1077 | 1263 | /a56 | /649 | 1627 400
N 803.718/2.2| 827.2| 847.2] 87/.71900.0| 365.7 | /040 | //2] | 7206 | 1294 | /385 | /477 | 1665 | /1836 | 2049 | 2244
8 (20 L |492.5]46/.0] 474.5[4924] 5/4.81540.8] 602.]| 672.7| 7500 832.2] 9/7.91 /006 | /097 | /282 | 147/ | /662 | 18551 45
S 5 1 902.8] 9//.0] 924.3[ 9424] 964.8] 990.8 1052 | /23 | /200 | /282 | /368 | /256 | /347 | /732 | 792/ | 2772 | 2305
%) Joo LT 522.0| 538.5| £59.0| 383.1] 6#0.3 | 707.7 | 78/.0| 860.2| 943.4] /030 | /118 | /300 | /2871676 | 1868 +pp
N yi 7022 | 7033 [ 1059 | 7092 | 7740 | 7207 | /287 | /360 | /443 | 1330 | /678 | 1800 | 7987 | 2776 | 2368
Y g0 LZ 6/8.51632.5] 6500 670.8| 721.1| 78/.0| 848.5 922.0 | 1000 | /1082 | 1166 | /342 | /523 | /709 /897 | 600
S ] 7278 [ 7233 [ 7250 727/ | /321 | /1387 | /449 |/522 | /600 | 1682 | /766 | /942 | 2/23| 2300 | 2497
? oo 1L 728.0] 743.3] 76/.6] 806.2| 860.2| 922.0| 990.0] 1063 | /740 | /221 | /389 | /1565 | /726 | 1937
m B 7dz5 [ /443 /262 | /506 [ /560 | /622 | 1690 | 1763 | 1840 | /927 | 2089 | 2265 | 2446 | 2637 | "°°.
L [soo-|L 824.6] 838.2| 854.4| 894.4| 9433 /000 | 1063 | /137 | /209 | 1287 | /442 (161217789 (1970 | 2o
;i 7625 1 7638 | /654 | 1694 | 7743 [/800 | /863 | 193] | 2004 | 2087 | 2242 | 2412 | 2589 | 2770
S e s 93471 946.7984.9| /030 | 1082 | //40 | /204 | /273 | /345 | /500 | 1664 | /836 | 20/2 | gpp
S o t? - e et s L e e
= Torsronal Mormen 7 7 G /28 7 Z 205
31429 o \\w e oy (203 [ 2042|2077 | 2118 | 2760 | 2227 | 2267 | 2345 | 2414 | 256212720 2887 [ 3059 %0
[P BTt s cending flomer 7740 [ 7770 | 7208 | /1253 | 1304 [1360 | /427 | /287 1628 | 1780 | 1942 | 2770
W 7 = ldeal Torsional Momenft | 2240 mmuum wuqm m,wa wwuw NM\WQ mw..m\ 2587 mwm% 2880 | 3042 |32/0 | //9°
= ; 1237 17265 | /300 | 13 89 | /442 |/500 | /562 | 1697 | /644 | 2000 | 2763
i g 8 =/deal Bending Momen! | CoX i1 er 2500 250z [ 2589 | 20422700 | 2762 | 2897 3064 15200 | 3363 200
> J- P,
a0 (T} 7 v g 8- i iy | o e e B2 90 A g
05 {2 e ot moments ey for e G T e e T 0 S e o
800 M With the Polar Section Modulvs. /868 17897 [ 1931|1970 | 20/2 | 2059] 2/63 | 2280|2408 | 2546] ;o0
he

Contributed by John S. Myers, MACHINERY’S Data Sheet No. 80. Explanatory note: FPage 17.
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SHAFTING, KEYS AND KEYWAYS

7

COMBINED BENDING AND TORSIONAL MOMENTS—II

Torsional Mornents /n Inch Pounds = M.

2000|2200 |2400 | 2800 (3200 |3600 4000|4400 | 4800 | S200 | 5600 | 6O00 | 7000 | 8000 | 000 |/0000\/ 1000\ /2000

goo | L4 2088 2280 | 2474 | 2564 3256 | 3650 | 4045 | 444/ | 4837 5235 | S632 | 6030 | 7026 | 8023 | 9020 /0018 |1/0/6 |/120/%

B | 2688 | 2880 | 3074 | 3464 | 3856 | 4250 | 4645 | 504/ | 5437 | 5835 | 6232 | 6630 | 7626 | 8623 | 9620 |/06/8 | /1616 | /26/5

700 | L\ 2/19 | 230/ | 2500 | 2686 | 3276 | 3667 | 406/ | 4955 | 4557 | 5247 | 5644 | 604/ 703% | 803/ | 9027 |/0025 |//02Z | /2020

B | 28/9 | 300/ | 3200 | 3586 | 3976 | 4367 | 476/ | 5155 | 5557 | 5947 | 6344 | 674/ | 7735 | 873/ | 9727 /0725 |1/722 | /2720

go0 | L | 2/54 | 2341 [ 2530 | 29/2 | 3298 | 3668 | 4076 | 4472 | 4566 | 526/ | 627 | 6053 | 7046 | 8040 | 9035 |/60352 | 11029 | /2027

B | 2954 | 374/ | 3330 | 37/2 | 4098 | 4488 | 4876 | 5272 | 5666 | 606/ | 6457 | 6853 | 7846 | 8640 | 9835 | /0832 | //529 1/P827

900 | L2103 12377 | 2563 | 294/ | 3324 [ 37// | 4/00 | 4497 | 4354 | 5277 | 5672 | 6067 | 7058 | 805/ 9043 | 0040 /1037 /2034

B | 3093 | 3277 | 3463 | 384/ | 4224 | 46// | 5000 | 539/ | 5784 | 6/77 | G572 | 6967 | 7958 | 595/ | 9945 10940 | /7937 | /2934

1000 \ LV 2236 [ 2479 [ 2600 [ 2973 | 3353 | 3736 | 4/23 | 45/2 4903 | 5295 | 5689 | 6083 | 7077 | 8062 | 9055 | 70050 /I0F3 | /2022

B | 3236 | 3419 | 3600 | 3973 | 4353 | 4736 | 5/23 | 55/2 | 5903 | 6295 | 6689 | 7083 | 807/ | 9062 |/0055 | //050 | Lk2045| /3042

1100 | LN 2283 | 2460 | 2640 | 3008 | 3384 | 5764 | 4149 | 4535 | 4924 | 33/2” | 5707 | 6/99 | 7066 | 807 | 9067 | loogg | 11055 | /2050

B | 3383 | 3560 | 3740 | 4108 | 4984 | #5064 | 5249 | 5635 | 6024 | 5415 | 6BO7 | 7/00 | 8186 | 9/75 |]0/67 | ///60 | /2755 | X3/50

| s200 L2232 | 2506 | 2683 | 3046 | 54/5 3795 | 4/76 | 456/ | 4948 | 5337 | 5764 | 6//9 | 7/02 | BOF0 | 9080 |/0072 | //065 | /2060
b B | 3532 | 3706 | 3583 | 4246 | 4618 | 4995 | 5376 | 576/ | G/48 | 6537 | 6964 | 73/9 | 8302 | 9290 | /0280 |//272 | /12265 | /2260
Vv | y200 2| 244/ ] 2608 | 2778 | 3/3/ | 3493 | 3563 | 4238 | 46/7 | 5000 | 5365 | 5772 | 6/6/ | 7/39 | 8/22 | 9/08 |/0097 | //089 |/208/
5 B | 3847 | 4008 | 4778 | 4537 | 4893 | 5263 | 5638 | GO/7 | 6400 | G785 | 7/72 | 756] | B539 | 9422 |/0580 | //497 |/2489 |/345/
N [ Jgo0 L2567 [ 2720 | 2884 | 5225 | 3578 | 3940 | 4308 | 4652 | 5060 | 524/ | 2824 | 62/0 7181 8158 _| 9/47 | 70127 | /1116 | 12106
m B N\ 216/ | 4320 | 4484 | 4825 | 5/78 | 5540 | 5908 | 6282 | 6660 | 704/ | 7424 | 78/0 | 878/ | 9758 |/074] | /7727 |/27/6 |/3706
S | 2800 7 | 269/ | 2843 | 3000 | 3329 | 3672 | 4025 | 4386 | 4754 | 5726 | 5503 | 3852 | 6264 | 7228 | 8200 | 9/78 _|/0/6/ | ///46 |/2/34
AN B | 449/ | 4643 | 4800 | 5/29 | 5472 | 2825 | G/86 | 6254 | 6926 | 7303 | 7682 | 8064_| 9028_|10000 | 10978 | 77967 /294G | /7934
R [ rogg |1 28628 | 2973 | 3/22 | 344/ | 3774 | 4//9 | 4472 | 4637 | 200 | 557/ 14946 5325 | 7/4/ | 8246 | 92720 |/0/98 | /7180 |/2/66
,m B 14828 | 4973 | 5724 | 5441 | 5774 | 6//9 | 6472 | 6837 | 7200 | 757/ | 7946 | 8325 | 9/4] /o246 |//220 |/2/98 1/3/80 |/4/66
N [ 2p00 1L 12973 1 3711 [ 3256 | 356/ | 3883 | 42/9_| 4565 | 4919 | $250 | $646 | 60/9 539/ | 7338 | 5297 | 9265 |/0239-|/12/8 |/2200
AN 8 73 | 5377 | 5456 | 576/ | 6083 | 64/9 | 6765 | 7//19 | 7480 | 7846 | 8219 | 8597 | 9538 |/0497 |//465 /2429 |/34/8 | /4400
2a00 | L3124 | 3256 | 3394 | 3688 | 4000 | 4327 | 4665 | 0/2 | 5367 | 5727 | 6093 | 6462 | 74090 | E352 | 9315 10284 | /1259 | /2238

2 B | 2524 | 5656 | 5794 | G088 | 6400 | 6727 | 7065 | 74/2 | 7767 | B/27 | 5493 | 8862 | 9800 10732 |/77/5" |/12684 | /3659 /4638
m 2600 || 2280 [ 3406 | 3535 | 382/ | 4/23 | 4447 | 477/ | 2771 | 5459 |58/4 G/74_| 0532 | 7467 | 84/2 | 9368 |/033%|7/303 | /8278
N B | 5880 | 6006 | 6/38 | 642/ 6723 | 704/ | 737/ | 77/1 | 8059 | B4/4 | 8774 | 9I32_|10067 [{/012 |1/968 /2933 | /3903 /4577 |
S [ 2800 | L3447 (356/_| 3658 | 3960 | 4252 | 426/ | 4583 | s2/6 | 5557 | 5906 | 626/ | 602/ 7533 | 5476 | 9426 | /0385 //357 | /2322
X B [ 6247 | 636/ | 6458 | G700 | 7052 | 736/ | 7653 | 80/6 | 8257 | 8706 | 9067 | 9421 |10333 |//270 | /222G [/3/85 | /I4/57 | /5722
S| 3000 L 2607 | 3720 | 3842 | 2/04 | 4356 | 4868 | $000 | 5325 | 5660 | 6003 6353 6708 | 76/6 | 8544 | 9487 | /0440(//402 |/2364.
EN B | 6607 | 6720 | 6842 | 7/04 | 7386 | 7868 | 8000 | 8325 | 8660 | 9003 | 9353 | 9708 |/06/6 11544 |/2487 /3440|4402 /5364 |
] 3500 7 4037 14/34_| 4244 | 448 4747 | s02] | 53715 | 5622 | 5947 | 6268 | 6604 | 6946 @Mm 732 57 /10609 /1543 | /2500
S B | 753/ | 7634 | 7744 | 7952 | 8242 | B52] | 88/5 | 9/22 | 9447 | 9768 /0704 (10426 |1/32G |/2232 |/3/57 |/4/29 | /5043 /6000 ]
Q 2000 |L|#272.14265 |9665 | 4685 | 5723 | 5387 5657 5946 | 6228 | 656/ | 6882 | 7271 | 062 | 8944 | 9849 |107701//705 /2649
B | 8472 | 8565 | 8665 | 8883 | 9/23 | 938/ | 9657 | 9946 (/0248 | 1056/ | /10882 (/1211 /2062 |/2944 /3849 |/14770 |15 705 |/6643 |

4500 7 4924 [ 3009 [ 5/00 | 53003522 | 3763 | 602/ | 6294|6580 | 6877 | 7/84 | 7500 | 8322 | 9/79 |/0062|/0966]//68%5 /2876

B | 94249509 | 9600 | 9800 10022 | 10263 | 10521 10794171080 [1/377 |1/684 | /2000|/2822 [/3679 | /4362|5466 /6385 17737

s000 |-L 5385 | 5463 | 5546 | 573/ | 5936 | 6/6/ | 6403 | 6660 | 693/ | 72/4_| 7507 | 78/0 | 8602 | 9434]/0296]///80 /2083 | /3000

B 110385 /0465 [ 10546 [ 10751 [ 1033617767 (17203 [11660 | 1/937 12274 | /2507 12810 |/3602 | /4434|/5296 |/6/80 /7083 118000

5500 | L 3822|5924 | 600/ | 6/72 | 6365|6573 | 680/ | 7043 | 7300 7569 | 7849 | 8/39 |B902 | 9708 | /0548 11/413 /2298 /200
B /1352 11424 [ //50/ |1/672 17/863 |/1207.3 (12307 12543 /2800\/3069 | /3349|/36339 | /(4402 | /15208 | /6048 /69/2 |/7798 /8700

soo0 L |62251639] | 6462 | go2l | 6800169871 7277 | 7440 7664 | 79401 8207 | B485| 9220 | /0000 |/08/7 |/1662 |12530 (/3416

B 112325 |/239] 72462 [/2627 172800 /2987 [12277 | /3440173684 /1394014207 /14485 | 15220 [ 16000 /6877 /7662 | 8530 |/94/6

Contributed by John

S. Myers, MACHINERY’S Data Sheet No.

89. Explanatory note: Page 17.
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lines. Locate, therefore, 100 on the
lower scale, and follow the line from
the point so located upward until inter-
secting the diagonal line marked 8000.
From the point of intersection follow
the horizontal line to the scale at the
left-hand side marked “Diameter of bar
in inches.” It will be seen that a shaft 4
inches in diameter is required.

On page 9 is given a diagram of
iransverse strength of round shafts for
different fiber stresses. Assume in this
case that a shaft is subjected to a-bend-
ing moment of 80,000 inch-pounds and
that a fiber stress of 12,500 pounds per
square inch is allowable. The bending
moments in thousands of inch-pounds
are given on the scale at the bottom of
the diagram, and the fiber stresses are
represented by the diagonal lines, the
same as in the previous diagram; hence
by locating 80 on the lower scale and
following the vertical line from the
point so located until it intersects the
diagonal line marked 12,500, and from
the point of intersection following the
horizontal line to the left, we find that
the diameter of the required shaft is 4
inches.

On page 10 is given a diagram for
the strength of round shafts subjected
to a combined twisting and bending mo-
ment. This diagram is calculated for a
tensile strength of 7500, and a torsional
‘shearing strength of 6000 pounds per
square inch. The twisting moment in
thousands of inch-pounds is located on
the scale at the bottom of the diagram,
the bending moments are located on the
scale at the left-hand side, and the di-
ameter of the required shaft is deter-
mined by the curve which comes nearest
to the intersection between the vertical
line from the twisting moment and the
horizontal line from the bending mo-
ment. Assume, as an example, that a
shaft is subjected to a twisting mo-
ment of 175,000 inch-pounds and a bend-
ing moment of 90,000 inch-pounds. The
two lines corresponding to these values
are found to intersect very nearly on

No. 7

the 6-inch curve. A shaft 6 inches in
diameter is thus required.

On page 11 an auxiliary diagram to
that on page 10 is given, from which
the required diameter of round shafts
may be found for other fiber stresses
than 7500 pounds per square inch, for
which the diagram on page 10 is made
up. When using this table, the diam-
eter for a fiber stress is 7500 pounds
per square inch is first found from page
10. This diameter is then located on
the lower scale in the diagram on page
11. The vertical line from the point
s0 located is followed until it intersects
the diagonal line representing the allow-
able fiber stress; from the point of in-
tersection a horizontal line is then fol-
lowed to the left-hand scale, where the
corrected diameter for the permissible
fiber stress is read off. For example,
if we have found from the diagram on
page 10 that for given conditions a six-
inch shaft is required at a fiber stress
of 7500 pounds per square inch, we
find from this diagram that if we in-
crease the stress to 12,500 pounds, a
shaft 5 inches in diameter would be
sufficient. [MACHINERY, September,
1905, Computing Hollow and Solid Shaft-
ing.]

Moment of Inertia and Section Modulus
of Circular Sections

‘When calculating the strength of shaft-
ing, tables of the moment of inertia and
section modulus of circular sections, for
diameters varying by small fractions of
an inch, are very convenient. On page
12 such a table is given. The values in
this table are used when the shaft is
subjected to bending moments only.
For torsional moments the polar mo-
ment of inertia and section modulus
should be used; but since these quanti-
ties are, in this specific case, exactly
double those given in the table, the tab-
ulated values may simply be multiplied
by 2 in cases where torsional moments
are dealt with.

The use of the table can be best illus-
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trated by an actual problem. Assume
that the maximum combined bending
moments on a shaft are 52,900 inch-
pounds. Using a fiber stress not ex-
ceeding 10,000 pounds per square inch,
what size shaft would be required? The
section modulus in this case is

52,900

=
10,000
Referring now to the table on page 12
we find that the diameter corresponding
to this section modulus is 313/16
inches, approximately. This diameter
corresponds to a value of Z=—5.44, and
is thus on the side of safety. [MAcHIN-
ERY, May, 1908, Maximum Stresses.]

=15:29

Shear Stresses Combined with Tension
or Compression Stresses

The question of shearing stresses com-
bined with tension or compression
stresses is one which always causes con-
siderable difficulty. On page 13 a table
of factors is given by means of which
the maximum combined unit shear and
the maximum combined unit tension or
compression may be determined when
the forces causing shear and tension or
compression are known. For example,
assume that S (see table on page 13) =
9000, and ¢ = 12,000 pounds per square

N
inch; then — = 0.75, and from the table
t

we find that the tension (or compres-
sion) factor x then equals 1.40. This
means that if the shear is 75 per cent
of the tension, the maximum combined
tension will be 1.40 times what it would
have been if there had been no shear.
Thig table makes it possible to quickly
determine the maximum stresses in
shafts subjected to combined tension and
compression stresses, provided the sep-
arate unit stresses are known. [Ma-
CHINERY, March and April, 1904, Notes
on Design; May, 1908, Maximum
Stresses; MACHINERY'S Reference Series
No. 12, Mathematics of Machine Design,
Chapter 1: Machinery Shafting.]

\

SHAFTING, KEYS AND KEYWAYS 17

Table of Combined Bending and
‘Torsional Moments

One of the most familiar examples of
combined stresses in shafting is that of
torsion and bending, the torsional
stresses being shearing stresses, and the
bending stresses being tension and com-
pression stresses. The maximum stress
may be found by calculating each separ-
ately, and combining them by the aid of
the table on page 13, as already men-
tioned. The tables on pages 14 and 15
also may be used for more directly com-
bining these stresses. If the bend-
ing and the torsional moments, both in
inch-pounds, are known, they are located
at the left-hand side and at the top of
the tables, as indicated. The body of
the tables then gives the maximum or
“jdeal” torsional moment in the line
marked T to the left, and the maximum
or “ideal” bending moment in the lines
marked B. For example, a shaft 3%
inches in diameter is subjected to a tor-
sional moment of 36,000 inch-pounds and
a bending moment of 35,000 inch-pounds.
What is the combined shearing stress
and the combined tension and compres-
sion stress?

Referring to the table on page 15 and
remembering that all values may be mul-
tiplied by 10, we find, by locating the
torsional moment 3600 (instead of
36,000) at the top of the column, and
the bending moment 3500 (instead of
35,000) in the left-hand column, that the
maximum twisting moment, in this case,
is 50,210, and the maximum bending mo-
ment 85,210 inch-pounds. Having now
found the maximum moments, we can
find the maximum combined unit shear
and unit tension or compression. From
page 12 we find tkat the section modulus
Z for a 31%-inch shaft is 4.209. The polar
section modulus being twice this, we
have Z, =—8.418.

Using the notation,

Maximum combined unit shear —=8,,

Maximum combined unit tension or
compression =1,

(Continued on page 24.)
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DIAMETERS OF SHAFTS FOR COMBINED TORSION AND BENDING STRESSES—I

Fiber Stress Frber Stress
/n Pounds . - /n Povnds
per square /rch Torsional Mormen’s in Thouvsands of /nch Pounds. per sguare lnch
i 0 |375| 725 |1n.25| 15 |1875| 22.5| 30 |375| 45 |52.5| 60 |675| 75 | 90 | 05| 120|135 (P
/0000 o |5 || |20|25|30 |40 |50 | 60|70 |80 |90 |w0|rz0|mo| 0|0 oed
2500 0 |G25| /2.5 |/8.75| 25 (3125|375 | S0 |62.5| 75 |87.5| 100 |112.5| 125 | 150 175 | 200 22517500
o |ololo /3|8 |m|2% 28|28 |27 |25 |35 |37% |35 |38 |38 |5 (22|« #Z ] oo | o
3.75| 5 |eas| 1B /8| 225 25| 28 | 2% | 28|34 (35 [52 [ 582157.]| ¢ | 9% | 645 | 65 QW 250 200| 150
5625 75 |a3rs 13 |25 | 2% |25 |28 | 25|24 |22 (3% | 3% |32 |35 |65 | 65 | 6% |64 | 67 6% (275 | 220 r65 | .
,m 725 | 10 V12522 (25 | 25 | 24 |24 |28 |28 |28 (3% |35 | 3% |32 0% 6% | 6% | 6% | 64 | 62 | 300] 240 \%m
39375 | 12.5 | 1563 25 | 2% | 25 | 22| 28 | 25 | 22| 37> 37 |34 |32 |35 | 32 |65 |08 |02 | 65 |65 | 325] 260] 195 |3
N\ 1.25| 15 75| 23 |25 |25 |23 | 2% |28 (28 | 34| 34 | 38| 3% |38 |38 6% o4 |0/ | 6% |67 | 350 280] 210 |-
m /5 | 20|25 | 2% | 2% |25 |25] | 22| 3 |3f | 35| 35| 52 | 35|54 |35 |35 |63 | 65 | 65 |64 |75 |300| 225§
Jle.rs| 25 sl 2 2z 235|342 | 352 | 35 | 3% | 35|35 |32 |32 |37 |35 |45 | 452 | 72 | 75 | 7% |03525 350 [2625
NEEEASGEAE 35 uw@ .«w 3% .wu\\.m u\.w @M\ 3% |35 .ww # &w k«w 22|72 ww\ 00| 400]300 | 3
X|eezs| 35 |4575) 3% | 382|375 |35 | 35 |35 35 | 3 |35 |35 |35 |35 | %6 | 452 | 46 | % | 457 |77 15025 450135751}
NEARAEIE 35|35 |38 |35 | 32| 3% |38 |38 |46 | 25 |45 | 48 |24 |48 |4F | s0 | 40 [ 30 |}
NIRRT E 3% |35 |37 |35 |38 |38 | 452 | 45| 45| 45| 25 | 45 | <% | #32|faze| 45 [5a75|3
M 37.5 | s0 |62.5| 3% 3% 38 |37 |35 |38 |42 | 45 | 2% | 452|452 | 45 |45 |4Z |4% |e2.5] 50 .ﬁ.m.m
NEAEAEAE 35| 4 | 45|25 | 25 |45 |25 |25 | 22| 45 | 45| 2E| 48| | 75 | 60 45 |3
X|s2.8| 70 |a25]| 45 4% | 4545 | 44 | 9% |25 |45 |25 | 25| 25| 42 | 25 | 5 |54 675 0 |525%
NIZAEArZAR”” A A A AT A A A Awm.\m P ACAACA: m
NCHEAZE Y 2Z 22| 45|48 42 |24 |22 |45 | 2% | 2% | 54 | 5/ |rz.5| 90 |625 )8
NEEAZAZAL 22|42 |45 | 1245 |45 |48 |45 |55 | s |52 | o5 |25 | 00| 75 S
S| 625| 1o |prs| 4 AP A A I AR A I AB A I G 8251y
m 90 | 120 | 150 | 435 s |5t 5458 55|58 |5 |52 | 5| 552 |58 | 120 | /20| 90 s
105 | 120|175 | 545 A A A AR I A I A A kA
/120 | 160 z00| 54 CAGAE MNW E1s%| 7254 ¢ |z00[160] /20
135 | 180 |225| 5% sB|s% | 54|58 |58 s72 55| 57| 6 | ¢ |225]| 160|135

Values atright of heavy zjg-zZag line across vpper right-hand corner are for 'fe bending momenss

/n vpper part of three right-fand colurmns.

Contributed by John S. Myers, MACHINERY’S Data Sheet No. 89. Explanatory note:

Page 24.
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No.

DIAMETERS OF SHAFTS FOR COMBINED TORSION AND BENDING STRESSES—II

Frber Sfress

RNM\@WM&WQ\N Torsional Momernts in Thovsands of /nch Pounds.
7500 o | w0 165 190 | 270 | 240 | 270 | 300 | 330 | 360 | 390 | 220 | 450 | 525 | 600 | 675 | 750 | 825 | 900
sy 0 | 200 ]| 220 | 220 | 280 | 320 | 360 | 400 | 440 | 280 | 520 | 560 | 600 | 700 | 800 | 900 | 1000 | 1100 | /200
2500 o | 250 |'275 | 300 | 350 | 400 | 450 | s00 | 550 | 600 | 650 | 700 | 750 | 875 | /000 | 1/25 | 1250|1375 | /500
0 1o |o |0 |22 |42 |<Z |k |sEB |52 |55 |64 |65 6% |%% |22 | 7% |76 |74 | 8 |2 | &
45 |60 | 75 |38 |45 |44 | 25 |48 |sE| 6 |65 |65 | 6% |om |62 | 6% |75 |75 |75 | 85 |8% |85
N sz 20 [6rs|ad |54 | 5L |52 |54 |55 6% |65 |6 |62 (65 |65 | 7 (7% |75 |75 | 8% |65 | 8%
,m 60 | 60 |0 |4 | 55 |5 |55 | 57 | 574 | o5 | ok | 9% |05 |05 |05 |75 |75 | 7% | 72 | 2% |96 | o4
S[575 [0 [725{ 25 [ o8| ot |55 |55 | ¢ |og 45| 6 | o5 [ of |8 | 7 |75 |72 8 | 2 | 225
Q7% |wo |25 |22 (22 |58 |54 |55 | 0% | 65 | 6% |60 |94 |68 |7 | 75|17 |72 | 8 |92 | 8% | 82
m 82.5| 1o |375| 4 |2 |58 |5 [ <K | o | e |of |05 |62 |65 | 7 |75 |7 | 7% |96 | 9% | &5 | 82
S| 90 [720 [0 |45 |52 s5 |52 | ¢ | o5 | 65|62 |65 |65 | 6B | 7% | 72 |72 | 72 | %6 | %% | %75 | 62
S{705 120 (175 |55 | sE | 55 | 52| 65 | 6% | 6% |65 | 6% (65| 7 | 75| 74|72 | 75 | 85 | 8% | 8% | 83
w /120 | 160 |200 | 5 |52 | o5 | 65 | ok | 64 |65 | o | o5 | 7 | 75 | 75| 75 | 75| 72 | 8% | 8% | 8% | 8%
S| o5 180 (225 | s/ | 6% | 0% | 64 |63 | 0% | 076 | 0F | o | 76 | 7% | 75 | 7% | 7/ | 8 | 8% | o ot | 8%
m 150 | 200|250 | 55| 6% | 6% | 6% G | 0% | %% | %% %\ 78 |74 |75 | 7 | 72186 | 8% | 9% | 8% | 8%
N[ 765 (220|275 6f |6 |62 | 6f | 65 |62 ok | 7 | 76|75 |75 | Z |78 | 75145 |65 | 2% |85 2
| 780 | 240 (300 | 64 | 65 | 6% |6 | 6% |65 | 7 |75 | 75 | 72 | 7% |75 | 74 | 72 | 8% | 8% | 8% | 2 | 95
,m 195 | 260|325 @m i | 6% |62 | 65| 7 |75 72 | 78|75 |78 75|72 | 8 |65 | 8% | o% | a5 | 9%
S| 2/0 | 280|350 62 |02 | 6% |65 | 7 |75 | 75 | 74 | 7% | 72 | 73 | 7% | 7% | 9% | 6% | 9% | 6% | %% | 9%
m 225 (300 375 (6% (6% | 7 |75 |75 |74 |75 |76 | 2 | 75| 7Z |78 |72 8% |65 |6% |85 | 9 | 9%
sJzezs| solensl 7 |74 |75 |75 | 75 | 7% |72 |75 | 7% |77 |75 | o |85 |0k |62 | % |2 | 95 | o3
NEDEIEAPAE IE TEIEAEIE IR INSPAPIDIL AL iDIEIE D
m.wNNb- 450 |562.5) 77 N\N Nﬂm NNM N\W &\ %m.”w %W %\W &W %\W N\W %M\W Q\W 8% . ,W\W NA\M ,W\W 9%
375 |so0|e25| 8 |6t |8h |65 | 8% | 8% |6f | 6% |0k | 85 |62 | 6% |85 |65 | 9 (9% | 9% | 9% | 9%
2.5 550 |687.5| 84 | 8% | 6% | 8% | 8% | 85 | 85 | 8% | 8% | 8y | 6% | 8% | 85 | 9 | 9% | 9% | 92 | 9% |95
450 | 600|750 | 85 |67 |82 | 8% | 8% |87 | 8% | 6% e | 0% |82 | 9 | 9% | 9% | 95|92 | 95| 9% ]|

Contributed by John 8. Myers, MACHINERY’S Data Sheet No. 89. Explanatory note: Page 24.
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DIAMETERS OF SHAFTS FOR COMBINED TORSION AND BENDING STRESSES—I

4

Bending Moments in Thovsands of /nch Pournds =B.
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HHMI ™ /// // ] ﬂvhwwoyl/ b ) b

2 I B P NS A N /Ml V W/ N
1 Je SNEERS ANEEIASZZNANNAANEANEN
o T N N N N N Ml // L

.%H Hlxl I.[]V /// /// & // - // ] ) // i
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“. IP l/.V N - )/! /mU N ) // ) g
13 e //! /// // N -\\Mml N N L §

2 B DTN IHAN N { 3 \, N
AEE === SN SN NGRS S ANHANEEANEHAN ANEHEAY
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WI_WH N H N /4 N // AN N 5 / /r/ / /
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Torsional Moments irn NbﬁQ.waDO. of ltnch Povnds =7.

\\k

Example: B=4000

234

7=4000"% 5= 10000 # per sg. /., Oiamn. = /53 nearly.

Contributed by John S. Myers, MACHINERY’S Data Sheet No. 92.

Explanatory note:

Page 24.
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No.

DIAMETERS OF SHAFTS FOR COMBINED TORSION AND BENDING STRESSES—II

Bending Moments in Ten Thousands of Inch Pourdk.

aBE ] N ] M// NIDNCENLON /vﬁf
s 113 . = N N // //// // // Nt
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< s = NEEANGHELCNANANEEEANENEAND
e T~ ~ N NEEASSHA A | ) ¢
l.w:..hl’llll S /// N > e L // ¥
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ﬁlﬁ 2t : N N\ b N / / N
\?&n_n T T T )T e__r_ o TH[TTYT /__ M TR TN T, _r,__./_:r_:
uuSQQQ_ I _ _2_ _ _ | _ IR _ T _5_ 6_ 1 _ 1T _8 T 9_ TT _0_ T _/_ I _m1_|_|_ _ _4_ T _.3
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N.Q\GS\NQ\ Moments in Ten Thousands of /nch FPounds.

Contributed by John S. Myers, MACHINERY’S Data Sheet No. 92. Explanatory note: Page 24.
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DIAMETERS OF SHAFTS FOR COMBINED TORSION AND BENDING STRESSES—I!|

@l = T T N s //./ ,// N i i NE]
gt T~ 5 ENASSANNESNESNEANEASED
N Sl T~ T~ S SEL A N N N //
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lm il ~<_ /// /// < < ¥ < N # /, //
3 1A TR TR R NN T NN, TR
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Torsional Moments in Hundred N\.E&Q\B\h of Inch Pounds.
Contributed by John S. Myers, MACHINERY’S Data Sheet No. 92. HaEw:».no—.w note: Page 24.
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No.

DIAMETERS OF SHAFTS FOR COMBINED TORSION AND BENDING STRESSES—VI

Bending Morments in Millions of /nch Pouvnds.
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Jorsional Moments in Millions of /nch Founds.

Contributed by John 8. Myers, MACHINERY’S Data Sheet No. 92. Explanatory note: Page 24,
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and proceeding to make use of the
values found in the table on page 15 we
find:

50,210
Q= =5970, and
8.418
85,210
= =10,120.
8.418

These two values give the maximum
combined unit stresses.

It will be noted that in the tables on
pages 14 and 15 the values B of the
maximum or ideal bending moments are
always greater than the values T of the
maximum or ideal torsional moments.
Hence it is the combined tension or
compression stresses which determine
the size of the section to be used, and
the maximum torsional moment may be
entirely neglected. All authorities do
not agree on the subject of combined
torsion and bending. The tables given
agree with the formulas given by Ran-
kine. The formula given by Grashof
gives a torsional moment which has a
greater value than that obtained from
the Rankine formula. This latter, how-
ever, is commonly used, and shafting
designed from calculations based upon
this formula has proved satisfactory.

In this connection it is well to note
that in the case of shafting, the location
and direction of the tooth loads, belt
pulls, etc., which produce bending, re-
main fixed while the shaft rotates. The
bending stresses are thus constantly
varying in direction, and since a greater
factor of safety should be used for re-
versible stresses than for those which
are constant in direction, many design-
ers recommend that the allowable work-
ing stresses should vary according -to
whether the torsional or bending mo-
ment predominates. Higher stresses
may be used when the torsional mo-
ment is greater; when the bending mo-
ment is greater the stresses ought to be
made proportionately less. On the
other hand the ultimate tensile stress is
approximately 25 per cent greater than

No. 7

the ultimate shearing stress, and as the
determining stress is always the com-
bined tension or compression and not
the shear, and since the Rankine for-
mula is less liberal in recognizing the
torsional moment than is that of Gras-
hof, it is safe to say that when using
the Rankine formula, ample provision
is made for the fact that the bending
stresses are reversible, even when a con-
stant allowable safe stress is assumed.
[MACHINERY, July, 1908, Maximum
Stresses.]

Diameters of Shafts for Combined Tor-
sional and Bending Stresses

On pages 18 and 19 are given tables
for the diameters of shafts subjected to
combined torsional and bending stresses.
The tables are arranged for fiber
stresses of 7500, 10,000 and 12,500
pounds per square inch. As an example,
find the diameter of a shaft to sustain
a bending moment of 80,000 inch-pounds
and a torsional moment of 100,000 inch-
pounds, if a fiber stress of 10,000
pounds per square inch is allowed. By
referring to the table on page 18, and
locating the torsional moment as given
in thousands of inch-pounds at the top,
and the pending moment as given at the
left-hand side, in the line and column
corresponding to a fiber stress of 10,000
pounds per square inch, and then locat-
ing in the body of the table the diameter
of the shaft corresponding to these mo-
ments, we find that the diameter re-
quired is 434 inches.

One difficulty with tables is the inter-
polation for immediate values. A dia-
gram or chart is much better in this
respect, and if drawn to a convenient
scale is often preferable. On pages 20
to 23, inclusive, are given diagrams for
finding the diameter of shaft required
for combined torsional and bending
stresses. The use of these diagrams is
very simple. The bending and torsional
moments in thousands, ten-thousands,
hundred-thousands, and millions of

(Continued on page 26.)
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WEICHTS AND AREAS OF COLD ROLLED STEEL SHAFTINCGC.

hdeer | came (Crmmbeeret oo™ || Pl | swae ) S Melpe
s 0276 5890 095 2% 3.7583 6.8722 12.80
fs 0491 7854 167 2% 3.9761 7.0686 13.52
Ts 0767 9817 1260 2% 4.2000 7.2649 14.35
% 1104 1.1781 1375 3 4.4301 7.4613 15.07
Te 11503 1.3744 511 2% 4.6664 7.6576 15.89
3 1963 1.5708 667 21 4.9087 7.8540 16.70
T6 12485 1.7671 845 S 5.1572 8.0503 17.55
% 3068 1.9635 1.05 5 5.4119 8.2467 18.41
it 13712 2.1598 1.26 H 5.6727 8.4430 19.31
$ 4418 2.3562 1.50 2% 5.9396 8.6394 20.21
A 5185 | 2.5525 1,77 213 6.2126 8.8357 21.15
) 6013 2.7489 2,05 a 6.4918 9.0321 22.09
it 6903 2.9452 2,35 15 6.7771 9.2234 23.06
1 7854 3.1416 2.68 3 7,0686 9.4248 24.05
1% :8866 3.3379 3.02 b1 7.6699 9.8175 26.09
% 19940 3.5343 3.38 3% 7.9798 10.014 27.16
1% 1.1075 3.7306 3.77 3% 8.2958 10.210 28.22
1% 1,2272 3.9270 4.17 33 8.9462 10.603 30.43
14 1.3530 4.1233 4,61 37 9.2806 10.799 31.58
3 1.4849 4.3197 5.05 1 9.6211 10.396 32.73
1% 1.6230 4.5160 5.52 5 10.321 11.388 35.20
1% 1.7671 | 4.7124 | 6.01 3t 10.680 11.585 36.40
1% 1.9175 4.9087 6.52 3: 11.045 11.781 37.57
¢ 2.0739 5.1051 7.06 5 11.793 12.174 39.40
11 2.2365 5.3014 7.61 318 12.177 12.370 41.04
1% 2.4053 5.4978 8.18 4 12.566 12.566 42.75
1% 2.5802 5.6941 8.78 43 14.186 13.352 48.26
1% 2.7612 5.8905 9.39 45 15.466 13.941 52.62
1% 2.9483 6.0868 | 10.03 43 15.904 14.137 54.11
2 3.1416 6.2832 | 10.69 4% 17.728 14,923 60.88
245 3.3410 6.4795 | 11.35 418 19.147 15.512 65.50
2% 3.5466 6.6759 12.07 ‘ 5 19.635 15.708 67.45

MACEBINFRY’S Data Sheet No. 29.

Explanatory note:

Page 26.
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inch-pounds, as the case may be, are lo-
cated at the left-hand side and at the
bottom of the diagram respectively; the
horizontal line from the bending mo-
ment and’ the vertical line from the
torsional moment are followed until
they intersect as shown by the dotted
lines on page 20. The curve passing
exactly or approximately through the
point of intersection then indicates the
diameter of shaft required. In the ex-
ample shown on page 20 it will be seen
that the lines intersect between the
111/16- and 13/4-inch curves. It is
always better to make the shaft a trifle
stronger than necessary; in this case,
then, one of 134-inch diameter would be
used. This shaft would be of the re-
quired size to transmit a torsional mo-
ment of 4000 inch-pounds, and could in
addition sustain a bending moment of
4000 inch-pounds, at a fiber stress of
10,000 pounds per square inch, these be-
ing the known requirements from which
the dotted lines in the diagram were
traced. [MACHINERY, July, 1908, Maxi-
mum Stresses.]

Weights and Areas of Cold-rolled
Steel Shafting

When calculating the stresses in shaft-
ing, the weight of the shafting itself
must be considered whenever the dis-
tance between the bearings is consider-
able. The table on page 25 will be
found convenient in such instances, as
it gives the weight per foot in pounds
of cold rolled steel shafting from 3/16
to 5 inches diameter; besides, the area
in square inches and the circumference
in inches are given. In calculating the
stresses caused by the weight of the
shaft itself, the total weight between the
bearings is, of course, considered as
uniformly distributed along the whole
shaft, the shaft being assumed to be sup-
ported freely at the bearings. The bend-
ing moments caused by pulleys, belting,
gears, etc., are then determined and
these are added to find the total bend-
ing moment.

tive diameter.

Allowances and Tolerances for
Various Kinds of Fits

Running fits, as implied by the name,
are characterized by the condition that
of two machine members fitted together,
cne is free to revolve inside or about
the other, the fit, however, being other-
wise as close as possible. It is evident
that the member that fits inside of the
other must be a very small amount less
in diameter than the hole into which
it fits. |

The term “forcing fit” is used when a
pin, axle, or other part, which is some-
what larger than the hole into which
it is inserted, is pressed into place by a
hydraulic press or by other means. The
crank-pins and axles for locomotive driv-
ing wheels are usually inserted in this
way.

The term “shrinking fit” is applied
when a part which is to be held in po-
sition by being tightly fitted into a hole
is first turned a few thousandths of an
inch larger than the hole, and then the
diameter of the hole increased by heat-
ing it, after which the pin is inserted
in the heated part. When this part
cools down, the consequent contraction
of the metal causes it to grip the pin
with tremendous pressure. Locomotive
tires, for example, are attached to their
wheel centers by means of a shrinking
fit.

Allowances and tolerances for run-
ning fits recommended by the Engineer-
ing Standards Committee of Great Bri-
tain are given on page 27. The note
at the bottom of the page should be care-
fully read before using the table, in
order to avoid misunderstandings.

On page 28 a diagram is given of al-
lowances for foreing, driving and run-
ning fits as adopted by the Builders’
Iron Foundry, Providence, R. I. In the
diagram two heavy lines are drawn for
each kind of fit, the upper line indicat-
ing the maximum and the lower line
the minimum allowance for the respec-
For example, assume
(Continued on page 34.)
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ALLOWANCES AND TOLERANCES FOR RUNNING FITS

A//a;;'aﬂce
Shart (Minfmum Hole
¢ Oiffererce

/27//0&;77;:;73//‘ Minimurr | Tolerarce| Maximurm ey — Tolerance | Maximusm
Diarneter |(Difference) Diameter | 779 10/€) | pjarnefer \(oifference)| piameter

Inches /nches /nchies Inches /nches | Inches Irches lnches
{/t 0.2495 0.0005 .25 0.0005 0.2505 0.0003 0.2508

El 0.4993 0.0007 o0.50 0.0007 0.5007 0.0007 Q.50/4

%_ 0.749/ 0.0009 o.7% 0.0008 0.7508 0.0009 V 0.75/7
/ 0.9999 Q. Ob/O /.00 0.00/0 /.00/0 0.00/0 - /.0020
/21 - 1.4988 0.00/2 /.50 0.00/2 /1.50/2 0.00/3 /.5025
Vd : /.9985 0.00/5 2.00 0.00/% | 2.00/58 0.00/5 2.0030
3 2.9982 0.00/8 3.00 0.00/8 3.00/8 0.00/7 3.0035
4 3.9950 0.0020 4.00 0.0020 &.0020 0.00z0 4.0040
5 4.9950 0.0020 .00 0.0020 5.0020 0.0020 5.0040
6 5.9975 0.0025 6.00 0.0025 6.0025 | 0.0025 6.0050
7 G.9975 0.0025 7.00 0.0025 7.0025 o.002%5 7.0050
8_ 7.9975 0.0025 8.00 0.0025 8.0025 0.0025 8.0050
9 8.9970 0.0030 9.00 0.0030 9.0030 0.0030 9.0060
/o 9.9970 0.0030 /fo.co 0.0030 10.0030 0.0030 10.0060
/l 10.9970 0.0030 /11.00 0.0030 //.0030 0.0030 //.0060
/2 1/.9970 0.0030 /2.00 0.0030 /2.0030 0.0030 /2.0060

Notes- The above allowarnces and folerances for running fits are
recommended by the Engineering Stondards Committee of Great
Brifain, for first-class work. Forsecornd-and third-closs work,
multiply the folerances by 2and 3, respectively. Forexrra fize
quallty of work,about & the abore allowarices for first-class work
are recommended. THe Imaximurm aiamerter of /7@ sHaFft /s the
norminal diarmeter in all grades of work.

MACHINERY’S Data Sheet No. 78. Explanatory note: Page 26.
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PRESSURE FACTORS FOR FORCING FITS

SHAFTING, KEYS AND KEYWAYS

400
1
350 ! PRESSURE FACTOR CURVE Hm_OHw
: FORCING FITS
\ AXDXPF
Pressure required in tons =
200 2
\ A = area of surface of fit, in'square inches.
D = difference in diameter between plug and bore.
! P F = pressure factor, from table.
230 \
m \ Example.
E ‘What pressure will be required to make a forcing fit of
= \ a shaft 4" in diameter in a hub 6" long ?
g 3P A=4rX6=1530.
m = .0085
(4 P F = 115 (from pressure factor curve).
a.
= Pressure required
: : 75 89 X 0085 X 115
= 2
= 36.84 tons.
100
3
50F 1 EEme
0

S e I A T I A T e LS T LA T Y ¥ AT A 7 2 1Y 2 T A AR Y A O Ao A [
500

D106
It assumes the hub to be twice the diameter of the plug, the shafts of machinery steel and the hubs of cast iron.

This curve is an hyperbola whose equation is P F =

From a paper by Stanley H. Moore read before the American Society of Mechanical Ingineers.
MacHINERY'S Data Sheet No. 23. Explanatory note: Iage 26.
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DIAGRAM FOR RUNNING FITS AND LIMIT GAGES

ALLOWANCES FOR RUNNING FITS.

”

006

0’ 1t 2" g 4 5T 7 8’ 9 10”7 1”127 18" 14 15” 16 Dia.

A = allowance in inches. D = nominal diameter of fit in inches.
0.831 D + 0.5

For running fits, 4 =
1600

TABLE OF LIMITS FOR LIMIT GAGES.

)
0015 =a

| -

001 = .

|

001 =

"
0015 =

0 VST g e 3 ¢ 7 8 Dia.

L = total limit in inches. D = nominal diameter of fit in inches.
0.375 D + 0.6

1000

ALLOWANCES FOR SHRINKING FITS ADOPTED BY THE AMERICAN MASTER
MECHANICS’ ASSOCIATION.

Diameter of tire, in inches............ 38 14 50 56 62 66
Shrinkage allowance, in inches....... .040 047 .053 .060 066 070

From a paper by Stanley H. Moore read before the American Society of Mechanical Engineers.
MACHINERY’S Data Sheet No. 23. Explanatory notes: Pages 26 and 39.
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FORCING, SHRINKING AND DRIVING FITS

D16

010

8

ALLOWANCE

o
&

h €

.006 P
17 G <
005 N
)
A
.00 1 4
y
1
003 4
1
002 =
17

., 0' 1// 2;/ 3& 41 5 6/ 7// 8" 9/; 10!/ 11 v 12// 13/1 14N 15/ 16 bi&
A = allowance in inches. D = nominal diameter of fit in inches.

2D+ 0.5
For forcing fits, 4 = —— ——
1000

1.06 D + 0.5
For shrinking fits, 4 = ——— —
1000

0.5D + 0.5

1000

. NorE.—While the data given in the above table is the result of an investigation of the prac-
tice of a large number of shops, the allowances for the large diameters is considered excessive, as
they give results which require presses of more than ordinary power to make the fits. It is the
R‘ractxce in a large number of shops to decrease the allowance per inch as the diameter increases.

he general rule of .001 inch per inch of diameter has been found very satisfactory for sizes
a,gove 6 inches, while the allowances for the smaller sizes correspond more nearly to those given
above. g

For driving fits, A =

From a paper by Stanley H. Moore read before the American Society of Mechanical Engineers.
MACHINERY’S Data Sheet No. 23. Explanatory note: Page 26,
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WOODRUFF KEYS—II

Woodrvff Special Heys

————- ,I'
2 & 1
L ,J / : Y
\\ 4 * y " Sag . LN _\J_
=~ 8 T : o e d i
= e !
3 Ve &
A2 3
'
@
Centerof| centerof
\stock; 7rom)| \stock, trom)
No.of |Diam. of |Thickness\Depth of \which ey \Widilr of | No.of |Drarmn. of |Thickness| Deptl of \which key | Wiatth of
Hey Hey | ofHey |Heyway |ismadegfo| Flat Hey Hey | of ey |Keyway |ismadety| Flaf
oo of ey Top of Key |
a b c d e a b (& (=4 e
L 3 2 17 3 ¥ iz 2 ' 13 k]
26 2z % 2 2 27 3/ 22 7% 2 7 Vi
/ / /) z % / 3
z7 25 4 P % 2 25 72 z : A %
4 5 5 /7 3 7 2 2 2 2
28 | 2z 7% 2 2 2 2 22 76 2 %6 %
/ 3 3 V24 2 4 < =3 13 3
29 25 5 6 52 2 >4 32 B 76 76 76
£ 2 3 E]
30 3z % 6 6 Vi

Standard Heys fo use with

rariovs dramerter Sharts

Diarmeter of Number of Diamerer of | Number of Diameterof | Number of
Shart Heys Shafft - Heys Shaft Heys
o o) 7 _1l5 3 7
-3 / %-'% 6, 8,10 ‘s ~ 14,17, 20
7 / ’ g
6~ 2 2, 4 / g, /1, /3 Iz ~ /% /5, /8, 2/, 24
o Sy /s
%" 8 SO ] 9,11/, /3,16 %~ 12 /8, 2/, 24
2 3
£-% 8 % /4 /3, 16 2 23, 25
2 6.8 b 1% i
76 2 2 = % /2, /4,17, 2o Zp— 25 25
MACHINERY’S Data Sheet No. 81. Explanatory note: Page 329.
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that it is required to find the diameter
to which to turn a pin to be fitted by a
forcing fit into a standard 7-inch hole.
By locating 7 on the line marked
“Nominal diameter in inches,” and fol-
lowing the vertical line from 7 until it
intersects the heavy lines for forcing
fits, it will be seen that the pin should
be from 0.009 to 0.010 inch above the
nominal diameter. If a running fit had
been required instead of a forcing fit, we
would have foliowed the line downward
from 7 until intersecting the heavy lines
representing the limits for running fits.
Assuming the hole to be standard size
as mentjoned, the pin should thus have
been turned from 0.0025 to 0.004 inch
below the size of the hole. In the case
of running fits, however, it is aimost
always the practice to make the diam-
eter of the shaft the standard or nomi-
nal size, and to provide for the ailow-
ance in the hole. In such a case the
shaft would have been made 7 inches in
diameter while the hole would have
been made from 7.0025 to 7.004 inches
in diameter.

Whether parts should be assembled by
pressing them into place or by the
shrinking method depends somewhat
upon circumstances. To press a tire,
for example, over a wheei center, would
be a rather difficult job, owing to the
size and shape of the work. On the
other hand, a pin is easily forced into
place with a hydraulic press if such a
tool is available; otherwise the hole can
be heated and expanded sufficiently to
permit the insertion of the pin by sledg-
ing or even by hand. The hydraulic
press is more economical for most work,
and in addition there is an advantage
in its use in that the exact pressure or
tonnage required to force the part into
place is indicated by a gage, while there
is more or less uncertainty connected
with a shrinking fit. If the aliowance
when turning a pin for a shrinking fit
were too great, the part into which the
pin is fitted might be broken when
cooled down, owing to the excessive

No. 7

stresses produced. When using a press
this danger is largely eliminated, as the
approximate pressure required can be
calculated, and the pressure gage indi-
cates at every moment what the actual
pressure is. Tests have demonstrated,
however, that a shrinking fit is superior
to a for¢ing or press fit, as the assem-
bied parts are held more securely to-
gether. !

The ultimate pressure finally required
to force the pin or other part into
place depends not only upon the ailow-
ance for the fit, but also upon-the length
of the bore or the area of the surface
of the fit. The pressure required for
forcing a pin with a given allowance
into a hole may be determined by the
formula given with the diagram on page
29, where the pressure factor PF is de-
termined from the diagram. This pres-
sure factor varies with the diameter of
the pin. For example, if the pin is 6
inches in diameter, then we find from
the diagram that the pressure factor is
75. To find this, we locate 6 on the
scale at the bottom of the diagram, and
follow the vertical line from the point
so located until it intersects the curve
drawn.on the diagram; from the point
of intersection, we follow the horizontal
line to the scale at the left where the
pressure factor 75 is read off. The ex-
ample given in connection with the dia-
gram and formula indicates clearly their
use for practical calculations.

The diagrams for running, forcing,
shrinking and driving fits given on
pages 30 and 31 are compiled from a
paper read by Stanley H. Moore before
the American Society of Mechanical En-
gineers, and are the results of an inves-
tigation of the practice in a large num-
ber of shops. Before using these dia-
grams, however, the note at the bottom
of page 31 should be read and compari-
son made with the diagram on page 28.
The use of the diagrams on pages 30
and 31 is very simple. On the scale at
the bottom of the diagrams are given

(Continued on page 39.)
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DIMENSIONS OF KEYS—I
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PROPORTIONS OF KEYS.

(United States Navy Standard.)
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MACHINEEY’S Data Sheet No. 33. Explanatory note: Page 39.
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TABLE FOR USE WHEN MILLING KEYWAYS

37

K==~ >

The valves in the body of the fable give the
dimension A, which should be added 7 thHe
depth Cofthe keyway in order fo find #he.
fotal depth From Fhe ovtside of the shaff
fo the botform of the keyway. When milling
keyways, the cufter can then be fed dowrr
this fofal depthy, and ro further measur=
ing is necessary.

Size

S/ze

Width of Heyway B

of 1
Shaft] 4

Width of Heyway B
5 ¥

0
Shatt|

)
4

Z
/6

3 7
3 6

/

2

0.0325

| &

3
8

3,
2%

0.0068

0.0/104

0.0155|0.0209

0.0274

0.0289

2%

0.0066

g.oloz

0.0t52|0.0202

0.0267

0.0254

o™ Q\'}‘O N

0.0413

2%

0.0064

0.0/00

0.0149(0.0198

0.0260

~|

0.0236

m‘

0.0379

P

2%

0.0063

0.0098

0.0146|0.0/94

0.0253

0.02z0

0.0346

0.05//

2%

0.006/

0.0094

0.0/42|0.0/89

0.0247

RN

0.0/198

0.03/4

0.0465

|||||l€u

2%

0.0060

0.0090

0.0/3910.0/8%5

0.024z2

0.0/77

0.0283

0.0420

0.0583

2%

FELEPE TP o

0.0059

0.0089

0.0/136|0.0/80

0.0236

5
N
SRS

0.0164

0.0264

0.0392

0.0544

2%

0.0058

0.0088

0.0/33|0.0176

0.0230

! 0.0/52

0.0246

0.0365

0.0506

/2
c.0670}2%

0.0057

0.008¢6

0.0122(0.0/72

0.0226

16 lo.0143

0.0228

0.0342

0.0476

o.0625| 2%

0.0056

0.0084

0.0/26|0.0/168

o.0220

1% |0.0136

0.02/0

0.03/19

0.044¢6

0.0581| 2%,

0.0054

0.00832

0.0/22|001/64

0.02/6

1% lo.0137

0.0204

0.0304

0.0492/

0.055/13

0.0053

0.008/

0.0113|0.0/6/

aoz1/

1% l0.0127

0.0198

0.0290

2.0397

0.0522) 3%

0.0052

0.0080

0.0/16(0.0/58

0.0207

13gl0.0123

0.0/9/

0.0279

0.0380

0.0499] 3%

0.005/

0.0078

0.0/14|0.0/55

0.0202

1% |o.0120

0.0185

0.0268

0.0364

0.0477| 3%

0.0050

0.0076

0.01/2(0.0/57

0.0/98

1%6lo.0114

0.0174

0.0254

0.0346

0.0453| 3%

0.0049

0.0075

0.0/ 10|0.0/149

0.0/94

1% lo.or10

0.0/64

0.0240

0.0328

0.0429| 3%,

Q.0048

0.0074

0.0/08|0.0/46

0.0/9/

1%g|0.0107

0.0/158

0.023/

0.0309

0.0412) 3%

0.0097

0.0072

0.0106|0.0/43

0.0/87

1% |o.0105

0.0153

o.022/

0.029/

0.0395

0.0046

0.007/

0.0104|0.0140

0.0/84

1%lo.o102

0.0/47

0.02/4

0.0282

Wi
oo

0.0383

0.0045

0.0070

0.0102{0.0738

0.0180

1% |o.0099

0.0142

0.0zo7

0.0274

0.037/| 3%

0.00494

0.0069

0.0/0/(0.0/35

0.0177

13gl0.0095

0.0/136

0.0/98

0.0265

%
0.0355| 3%

0.0043

a.ooe7

0.0/00(0.0/33

0.0174

1% |0.0093

0.0/30

0.0/190

00257

0.0339|3%;

0.0042

0.0066

0.00990.0/3/

0.0/7/

1% lo.0090

0.0/27

0.0/84

0.0250

0.0328| 3%

0.0042

0.0065

0.009810.0/28

0.0/68

z2 |0.0088

0.0/24

a.0/79

0.0243

0.0317) 3%,

0.004 /

0.00é4

0.0097|0.0/26

0.0/66

2%10.0083

0.0/17

0.0/173

0.0236

0.0308| 3%

o.004/

0.0063

0.0096|0.0/24

0.0/163

0ortt

0.0/68

0.0229

0.0299) 3%

o.004/

o.006z

0.0095|0.0/23

o0/67

‘g |o.0078
3¢l0.0073

0.0/09

0.0/63

0.0222

Q.0291| 4

0.0040

0.006/

0.0094)|0.012/

0.0/60

4 lo.oo7o

0.0107

0.0159

0.02/6

0.0282

Contributed by James J. Loftus.

Explanatory note:

Page 39.
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DUPLEX KEYS

No. 7

Bare)cf
Hollow
A 8 2 Shaff
0
15| 23 74 s
16 3 75 5%
V. P 3% 85 5%
18| 3% 8% 6
12} 38 95 6%
zo| 3% 9% 6%
Taper; one key only, %sinch per foot :
' Bore of |2/ 3% 10% 7
4 B c Hollow
. 5”;” 22| 4% 10% 7%
/
! 7% 2 — |23 4% 1% 7%
2 % / — |24| 4} 1% 8
. Il
3 % 1% — 25| <4f 124 8%
% 1% — 26| 4% 128 8%
15 15 / %
5 76 Z52 27 Sie /352 9
6 1 2% 2 28| <4 1352 9%
s 15 3 7 1 3
7 /7% 335 zy |22 < 1455 9%
8 14 33 2% 30| 5% 1422 10
Al o7 13 S g
10 ' 2% 3% |s2| ¢ rs 42 10%
pil . 2h sz 3% (33| 6% 167 ,1
12| 2% 5% 4 34| 6% 162 | 1%
131 2% 6% 2% |35] 6% 175 11%
14| 2% | 6% 2% |36| 6% 1755 /2




No. 7

the diameters in inches, and on the
scale at the left-hand side the allow-
ances. Assume, for example, that we
want to find the allowance for a shrink-
ing fit for a 4-inch diameter pin. Re-
ferring to page 31, we find by following
the vertical line from 4 inches until it
intersects the diagonal line for shrink-
ing fits, and from the point of intersec-
tion following the horizontal line to the
left-hand scale, that an allowance of
nearly 0.005 inch is required.

Allowances for shrinking fits adopted
by the American Master Mechanies As-
sociation are given at the bottom of
page 30. These allowances refer direct-
ly to tires to be shrunk onto their
wheel centers. [MACHINERY, July, 1909,
Machine Shop Practice—Shrinking and
Forcing Fits.]

Diagram of Limits for Limit Gages

On page 30 a diagram is given show-
ing suitable maximum and minimum
limits for limit gages for ordinary work.
It will be understood that the upper
and lower diagonal lines in this dia-
gram indicate the maximum and mini-
mum limits corresponding to various
diameters. To find the limits for any
.given diameter, say 6 inches, this di-
mension is first located on the bottom
scale, and the vertical line from 6 inches
is followed until it intersects the lower
diagonal line. From the point of inter-
section the horizontal line is followed
to the left, and the minimum limit read
off. This diagram is made up on the
principle that the maximum limit is as
much above standard size as the mini-
mum limit is below standard size, so that
when the minimum limit has been found
there is no need of locating the maximum
limit. For a 4-inch diameter shaft, for
example, the allowable limits would be
very slightly more than 0.001 inch above
or below the standard size.

Keys

On pages 32 and 33 are given tables
of Woodruff standard and special keys.

SHAFTING, KEYS AND KEVIWAYS
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In the lower part of page 33 a table is
also given of Woodruff standard keys
to be used with various shaft diameters.
It will be seen that the designer’s judg-
ment must be relied upon to a certain
extent, as a number of different sizes of
keys may be used for the same diam-
eters. For ordinary practice, when no
special considerations have to be taken
into account and where more than two
keys are given for the same diameters,
the medium size key is the most suit-
able.

On page 35 is given a diagram and
table of the United States Navy stand-
ard proportions of keys. The diagram
is shown only to indicate how the sizes
were determined by plotting the dimen-
sions from a curve supposed to give the
best theoretical dimensions. When us-
ing the information given on page 35,
no attention need be paid to the dia-
gram, but the table should be used di-
rectly, as all the required information is
contained therein.

On page 36 is given a table of gib
keys. In addition to the dimensions, it
will be seen that the safe twisting mo-
ments which the key will sustain for
each inch of length, at different shear-
ing stresses, are given. This informa-
tion will be of considerable value in
quickly calculating the strength of keys
when the twisting moment is known.
[ MACHINERY, September, 1901, Notes on
Keys and Keyways; March, 1907, Keys
and Keyways; MACHINERY'S Reference
Series No. 22, Calculation of Elements
of Machine Design, Chapter VI, Keys
and Keyways.]

Table for Use when Milling
Keyways

The table given on page 37 will be
found very useful when milling keyways
to a given depth. The usual way of
measuring the depth of a keyway is to
mill off the top of the shaft until the
flat on the top is of the same width as
the cutter. Then the index ig set to
zero and the cutter is fed down the re-
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No. 16. Machine Tool Drives.—Speeds
and Feeds of Machine Tools; Geared or
Single Pulley Drives; Drives for High
Speed Cutting Tools.

No. 17. Strength of Cylinders—Ior-
mulas, Charts, and Dlagrams.

No. 18. Shop Arithmetic for the Ma.-
chinist.—Tapers; Change Gears; Cutling
Speeds: Feeds; Indexing; Gearing for Cut-
ting Spirals; Angles.

No. 19. Use of Formulas in Mechanics.
—With numerous applications.

No. 20. Spiral Gearing.—Rules, Formu-
las, and Diagrams, etc.

No. 21. Measuring Tools—I{istory and
Development of Standard Measurements;
Special Calipers; Compasses; Micrometer
Tools; Protractors, etc.

No. 22. Calculation of Elements of
Maehine Design.—Ikactor of Safety;
Strength of Bolts; Riveted Joints; Keys
and Keyways; Toggle-joints.

No. 23. Theory of Crane Design.—Jib
Cranes; Calculation of Shaft, Gears, and
Bearings; Force Required to Move Crane
Trolleys; Pillar Cranes.

No. 24. Examples of Calculating De-
signs.—Charts in Designing; Punch and
Riveter Frames; Shear Frames; Billet
and Bar Passes; etc.

No. 25. Deep Hole Drilling.—Methods
of Drilling; Construction of Drills,

No. 26. Modern Punch and Die Con-
struction.—Construction and Use of Sub-
press Dies: Modern Blanking Die Con-
struction; Drawing and Forming Dies.

No. 27. Locomotive Design, Part I.—
Boilers, Cylinders, Pipes and Pistons.

No. 28. Locomotive Design, Part IL.—
Stephenson Valve Motion; Theory, Calcu-
lation and Design of Valve Motion; The
‘Walschaerts Valve Motion.

No. 29. Locomotive Design, Part III.
—Smokebax; Exhaust Pipe; Frames;
Cross-heads; Guide Bars; Connecting-rods;
Crank-pins; Axles; Driving-wheels.

No. 30. Locomotive Design, Purt 1V.—
Springs, Trucks, Cab and Tender.
No. 31. Scrow Thread Tools and Gages.

No. 32. Screw Thread Cutting.—ILathe
Change Gears; Thread Tools; Kinks.

No. 33. Systems and Practice of the
Drafting-Room.

No. 34. Care and Repair of Dynamos
and Motors.

No. 35. Tables and Formulas for Shop
and Drafting-Room.—The Use of Formu-
las; Solution of ‘I'riangles; Strength of
Materials: Gearing:; Screw Threads; Tap
Drills: Drill Sizes; Tapers; Keys; Jig
Bushings, ete.

No. 36. Iron and Steel.—-Principles of
Manufacture and Treatment.

No. 37. Bevel Gearing.—Rules
Formulas; Examples of

and
Calculation;

Tooth Outlines; Strength and Dm'alj)ilit_\':
Design; Methods of Cutting Teeth.

No. 38. Grinding and Grinding Ma-
chines.
No. 39. Fans, Ventilation and Heating.

—Fans; Heaters; Shop Heating.

No. 40. Fly-Wheels.—T heir Purpose,
Calculation and Design,

No. 41. Jigs and Fixtures, Part I.—
Principles of Jig and Fixture Design;
Drill and Boring Jig Rushings; Locating
Points; Clamping Devices.

No. 42. Jigs and Fixtures, Part IL.—
Open and Closed Drill Jigs.

No. 43. Jigs and Fixtures, Part IIL.—
Boring and Milling Fixtures.

No. 44. Machine Blacksmithing.—Sys-
tems, Tools and Machines used.

No. 45. Drep Forging.— Lay-out of
Plant; Methods of Drop Forging; Dies.

No. 46. Hardening and Tempering.—
Hardening Plants; Treating High-Speed
Steel; Hardening  Gages; Hardenlng
Kinks.

No. 47. Electric Overhead Cranes.—
Design and Calculation.

No. 48. Files and Filing.—Tyvpes of

Files; Uslng and Making Files,

No. 49. Girders for Electric Overhead
Cranes.
No. 50. Principles and Practice of As-

sembling Machine Tools, Purt I.

No. 51. Principles and Practice of As-
sembling Machine Tools, Purt 11.

No. 52. Advanced Shop Arithmetic for
the Machinist.

No. 53. VUse of Logarithms and Logar-
ithmic Tables.

No. 54. Solution of Triangles, Part 1.
—Methods, Rules and Examples.

No. 55. Solution of Triangles, Part 11.
—Tables of Natural Functions.

No. 56. Ball Bearings.—Principles of
Design and Construction.

No. 57. Metal Spinning.—M i chines,
Tools and Methods Used.

No. 58. Helical and Elliptic Springs.—
Calculation and Design.

No. 59. Machines, Tools and Methods
of Automobile Manufacture.

No. 60. Construction and Manufacture
of Automobiles.
No. 61. Blacksmith Shop Practice.—

Model Blacksmith Shop; Welding: Forg-
ing of Hwnoks and Chains; Miscellanenus
Appliances and Methods.

No. 62. Hardness and Durability Test-
ing of Metals.

No. 63. Heat Treatment of Steel.—
Hur(lvnlng, Tempering and Case-Harden-
mg.

No. 64. Gage Making and XLapping.

No. 65. Formulas and Constants for

Gas Engine Design.
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