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Life Factor, K.

All AGMA bending-fatigue strength data are for 107 cycles of repeated stress (rather than
108 or 5x108 cycles). Hence, we should make a correction if the life is different from 107
cycles. Figure 12-24 shows S-N curves for the bending-fatigue strength of steels having
several different tensile strengths as defined by their Brinell hardness numbers. Curve-
fitted equations are also shown for each S-N line.
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Figure 11-24
AGMA Bending Strength Life Factor K.

Temperature Factor, Kt

The lubricant temperature is a good measure of the temperature of gear. Designating the
oil temperature (in °F) by Tr, we can find Kt for steel from the empirical relations:

E, =t por T <as0’F
K. — 460 +7F por Tp >a50F (12.24a)
T 620

Reliability Factor, Kr

The AGMA strength data are based on 99% reliability (i.e., on a probability of one failure in
100 samples). Hence, the reliability factor Kr is defined to be 1 for 99% reliability. For other
than 99% reliability, Table 12-19 can be used to find K.



Bending Fatigue Strength Data are given in
Table 12-20 for commonly used gear materials.

Fig. 12-25 shows ranges of bending fatigue Reliability % Kg
strength for steels as a function of HB.
S0 0.85
99 1.00
99.9 1.25
99.99 1.50
Table 11-19
AGMA Factor Kp.
Materlal AGMA  Materlal Heat Treatment Minimum Bending-Fatigue Strength
Class Deslgnation Surface Hardness psl x 103 MPa
Steel A1-A5 Through hardened <180 HB 25-33 170-230
Through hardened 240 HB 31-41 210-280
Through hardened 300 HB 36-47 250-325
Through hardened 360 HB 40-52 280-360
Through hardened 400 HB 42-56 290-390
Flame or induction hardened ~ Type A pattern 50-54 HRC 45-55 310-380
Flame or induction hardened ~ Type B pattern 22 150
Carburized and case hardened 55-64 HRC 55-75 380-520
AISI 4140 Nitrided 84.6 HR15NT 34-45  230-310
AlSI 4340 Nitrided 83.5 HR15N 36-47  250-325
Nitralloy 135M  Nitrided 90.0 HR15N 38-48 260-330
Nitralloy N Nitrided 90.0 HR15N 40-50 280-345
2.5% Chrome  Nitrided 87.5-90.0 15N 55-65 380-450
CastIron 20 Class 20 As cast 5 35
30 Class 30 As cast 175 HB 8 69
40 Class 40 As cast 200 HB 13 90
Nodular A-7-a 60-40-18 Annealed 140 HB 22-33 150-230
ﬁ:‘;‘:‘"e) A-7-c  80-55-06 Quenched and tempered 180 HB 22-33  150-230
A-7-d 100-70-03 Quenched and tempered 230 HB 27-40 180-280
A-7-¢ 120-90-02 Quenched and tempered 230 HB 27-40 180-280
Malleable A-8-c 45007 165 HB 10 70
::;:;r"ﬂc) A-8-¢ 50005 180 HB 13 90
A-8-f 53007 195 HB 16 110
A-8-i 80002 240 HB 21 145
Bronze Bronze 2 AGMA 2C Sand cast 40 ksi min tensile strength 57 40
Al/Br3  ASTM B-148 Heat treated 90 ksi min tensile strength 236 160
78 alloy 954

T Rodkwell 15N scale used for case-hardened materials—see Section 2-4

(2-
Table yl'—20

AGMA Bending-Fatigue Strengths Sg' for a Selection of Gear Materials*.
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Figure 11-25
AGMA Bending-Fatigue Strengths Sp' for Steels*.

AGMA Surface-Fatigue Strength for Gear Materials

The uncorrected surface-fatigue strength is designated by Stc and is given in Table 12-21
and Fig. 12-27. There are four correction factors that need to be applied to St in

Materlal AGMA  Materlal Heat Treatment Minimum Surface-Fatlgue Strength
Class Deslgnation Surface Hardness psl x 103 MPa
Steel A1-A5 Through hardened <180 HB 85-95 590-660
Through hardened 240 HB 105-115 720-790
Through hardened 300 HB 120-135 830-930
Through hardened 360 HB 145-160  1000-1100
Through hardened 400 HB 155-170  1100-1200
Flame or induction hardened 50 HRC 170-190  1200-1300
Flame or induction hardened 54 HRC 175-195  1200-1300
Carburized and case hardened 55-64 HRC 180-225 1250-1300
AlSI 4140 Nitrided 84.6 HR15NT 155-180 1100-1250
AlSI 4340 Nitrided 83.5 HR15N 150-175  1050-1200
Nitralloy 135M  Nitrided 90.0 HR15N 170-195  1170-1350
Nitralloy N Nitrided 90.0 HR15N 195-205  1340-1410
2.5% Chrome  Nitrided 87.5 HR15N 155-172  1100-1200
2.5% Chrome  Nitrided 90.0 HR15N 192-216  1300-1500
Cast Iron 20 Class 20 As cast 50-60 340-410
30 Class 30 As cast 175 HB 65-70 450-520
40 Class 40 As cast 200 HB 75-85 520-590
Nodular A-7-a 60-40-18 Annealed 140 HB 77-92 530-630
i:’;‘:‘"'” A7-c  80-55-06 Quenched and tempered 180 HB 77-92  530-630
A-7-d 100-70-03 Quenched and tempered 230 HB 92-112 630-770
A-7-e 120-90-02 Quenched and tempered 230 HB 103-126 710-870
Malleable A-8-c 45007 165 HB 72 500
::z;rlmd A-8-e 50005 180 HB 78 540
A-8-f 53007 195 HB 83 570
A-8-i 80002 240 HB 94 650
Bronze Bronze 2 AGMA 2C Sand cast 40 ksi min tensile strength 30 450
Al/Br3  ASTM B-148 Heat-treated 90 ksi min tensile strength 65 450
78 alloy 954

T Rockwell 15N scale used for case-hardened materials—see Section 2-4

Table 11-21
AGMA Surface-Fatigue Strengths Sg' for a Selection of Gear Materials*.
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Figure 11-27
AGMA Surface-Fatigue Strengths Sp' for Steels*.

order to find the corrected surface-fatigue strength Ssc for the application of interest:

C, C
<= =~ sl;c’ (2.25)
Cr C'R
where Cr =Kris given by Eq. 12-24a

Cr =Kris given in Table 12-19

and where C_ is the surface-life factor and Cy is the hardness ratio factor. They are

discussed below.

Surface-Life Factor, C_

Since published surface-fatigue data are for a life of 107 cycles, C. has been defined to be
"1" for alife of 107 cycles. Fig. 12-26 is used to modify C, for a life other than 107 cycles.
Note that this figure is for steel and that the upper portion of the shaded zone is for
commercial and the lower portion is for critical service applications.
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AGMA Surface-Fatigue Strength Life Factor Cy,

Hardness Ratio Factor, Cq

This factor is a function of relative hardness of pinion and gear as well as the gear ratio.

It

is defined so that Cy4 > 1. Hence, it acts to increase the strength of the gear. This happens
when the pinion teeth are harder than the gear teeth and thus act to work-harden the gear-

tooth surfaces. Cu is only applied to gear-tooth strength, not to the pinion. For through-
hardened pinions in mesh with through-hardened gears:

Ch=1+A (me- 1) (12.263)

where mgis the gear ratio and A is given by

it ::ﬁ <lz2, A=0 (12.2G bR<c)
? 8
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1 4 ._,f-ﬁﬁ D02 e Az0-06698
4o,

For surface-hardened pinion in mesh with through-hardened gears, Ch is:

i Ch=1+B (450 - HBy) (12.27)
where
B= 0.000 25 & 902 Ry (12.28) s
B =0.0003s € 0.0 52Ky (/2.2.8)51'

where Rq is the root mean square (rms) surface roughness value of the pinion teeth in
in rms (see Section 7.1, Fig. 7-2 on p. 422).

u



Example 5: Material Selection and Safety Factor for Spur Gears

A spur pinion transmits 15 hp at 1200 rpm. It has a pitch of 6 teeth per in, 22 full-depth
teeth, and a 20° pressure angle. The gear has 60 teeth. For a face width of 2 in select
suitable materials and calculate the safety factors for both bending and surface stresses in
the gearset. Assume a service life of 10 years of one-shift operations.

Solution:
Selecting o 4ried material. In Exowple 4, Qssunang
Hat both gaars wara made of stee/, wu Calculated
W oypligol Eooth -comfact- strass 4o e
C. =778 ler
The Qeor —dooth banding Strass was obrackest i Ex.3
0; = 7555 psi 0; = 66!l psy
Lg 9
Wt Uss Hrae voluss fo cheoss a 1rial materinl prom
Figs.12-2S5 and l2-27F by Ml'uﬂ/:'n.g The Jvl;la(t..fdfl:’lu
.rfrw#u 5;6, anol bendins _ﬁa//",u Strengfhs S,,,.
MPa psix 10? MPa psiX 103
1200 4 175 T [ / o 60 I I I
S$p =27 000 + 364 HR Sg =6235+ 174 HB - 0.126 HB®
H 150 Grade 2 maximum ‘_\}' ] 350 4 spd——— Grade 2 maximum 1/
1000 o / [
900 4 s A/ 300 ~ i /
800 - ///‘ i /// /
700 + 100 Grade 1 maximum 200 - 30 //\ Grade 1 maximum
500 // Sp =26 000 + 327 HB -] -\— _\:_,:,.,' =274 + 16T HB - 0,152 HB*
o | 150 4 L, |
150 200 250 300 350 400 450 150 200 250 300 350 400 450
Brinell Hardness HB Brinell Hardness HB
30 hP’f Figure 11-27 Figure 11-25
AGMA Surface-Fatigue Strengths S’ for Steels*. AGMA Bending-Fatigue Strengths Sp' for Steels®.

We fry an AGMA Grade | .sf;ul, throvsh hardered fo
200 HB . Than
S;p = =21 4 (€FHB —0.I52 HB8"



chl = 26000 +32? HB

Corractad banding _;a.v‘r'gu s'/r%
¥ 4
S, 6 = L S
£b &r &, 7o’

The ligs pactor &, s calcwlatfed trom oppropriota eqssdion
ta F.g.ll—zle ¢

5.0 T T I |
400 HB ' Shit | i =i
3.0 —HHH HHH K =6.1514 N ~01192
case carburized [ =i =i+t ~ &/ L = |
250 HB e Y i - ; —0.1045 : Bk
i 14 — Ky =4.9404 N . H
2.0 i i \\Q E L
OB P \\ H A A X co ner .dl'
& A T € Kz= 13558 N 00178 LU il
& . : : ! R :
e Ky =23194N 8 o o
0.8 = i . 4 0.8
0.7 ; -4 ; | K7 =16831N 0.0323 = 0. 0.7
0.6 | ik - | rcodtor! 06
0.5 : : : : 05
102 103 104 10° 106 107 108 109 L 1010
Number of load cycles N 2% lﬂ‘
Figure 11-24
AGMA Bending Strength Life Factor K7.
Sinle
om’ hr
N= 1200 rpm( 852in) (2080 ) (toy) (1 shigt) = =1.5x10 Cyeles
hr .s'h ¢t year
. D (Y —-O Ol?’
Commare; el apphicafion:
For apt B = /8558 N = 0.9308
TMP.M’I-"'V“ F&C"" ) KT = '
0 [ 4
Reliabilify Factor, By =1 gor A7 raliobility
- - <

()



Corrected sta.Q-Faﬁyu STrangth

Ste = Celu S’ (2-25)
CrCn *€

The /I;“ F actfor CL.
CL is calculotad grom an oppiopricdic aguation I

Fia.l2-26 based on N =13 x10 Y cyclas-
2.0
. , 0023 i -
. Cr=14488 N ‘\ P
o L L T U N
0.9 ; L eI L 09
08 |- B R il s ptal 08
0.7 Fe Ccp =2.466 N 005 ' _ \\ 0.7
v Rl : dm 1 ] 66
05 : i yall 05
102 10° 10* 10° 106 107 108 / 107 \ 1010
Number of load cycles N ) .
hsx10” 2X|0
Figure 11-26*
AGMA Surface-Fatigue Strength Life Factor Cp, |
Assvmina Commarciel l'cakrom
&} >PP -0.023

C = I-4488 N = (1.4484)( )

-—

Hordasss +atro pactor cﬁ =t (s gear and prnjomn owe
Ot e Seme hqn(mss)

T llpﬂﬂ:‘um a'\d r‘,lul./l.{y fador!’ ) CT=CR- " .

( ()
° S —_ =
b Se=—0 ¢ ) N




Factor op Sagely g.jc.c’us‘i' +Footh — handang e Jaree,

S,
Nb o« . = £b = ————2 = -
pinton b’fnfm
N _ _Seb _ _ <
N T g

Thase ove both acagtable.

Factor of Sagaly against teeth - surpoce fou lwre
O I's raloted +o-The Sq-veure roet of

Since Svrpgace Sress
4 (00d-, ttu Surfece fp.-/v‘gm Sq(dy Loctor IS qr'van by
N =(———s£-—)z = (——-—-—— >t= <
€ pinten-gar 6:"?"""‘“‘
Hue, (F Joars ara wade of Grecle!, Fhrough-hardered
Steel , +hay Wil he Sare agou'nst bendiy and Surgace
pafrous ,Lw'/mu Wih a u—&'a-ﬁﬁlj of 772 Ve Con Seay
Hact oy will last (0 yaxrs bagore pi#ing of tha
pinion bagins.



Chapter 15 Screws and Fasteners

The success or failure of a design can hinge on proper selection and use of its fasteners.
They have tremendous safety and economic implications because they are used in
vehicles carrying people and in other machines. The frame of a large jet aircraft has
millions of fasteners costing millions of dollars. Our discussion here is limited to the
design and selection of conventional fasteners such as bolts, screws, nuts, etc. used in
machines.

Screws are used both to hold things together as fasteners and to move loads as the so
called power screws or lead screws. We will study both of these applications.

15.1 Standard Thread Forms

Thread forms are standardized in the US, Canada, and the UK. This standard is known as
the Unified National Standard (UNS) series, as shown. ISO has also defined a metric series
standard that has the same thread form but it is not interchangeable with UNS threads.
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Figure 2
Unified National and ISO Standard Thread Form.



Pitch, p is the distance from a point on one thread to the corresponding point on the
next adjacent thread, measured parallel to the axis. p = 1/N where N is the number of
threads per inch.

Major (nominal outside) diameter, d is the outside diameter of an imaginary cylinder
that touches the screw only on the thread crest.

Minor (root) diameter, d, is the diameter of an imaginary cylinder that cuts through the
thread roots.

Lead, L (not shown) is the distance the nut moves parallel to the screw axis when the
nut is given one turn. For a single thread, the lead is the same as the pitch, L= P, for a
multiple thread screw, L = np.

Smjll. +Hhrask - Riyht Hand S,'nJIL Hhrraadk = Lef'f' Hend

L=2p
PH—P
~ N

N

Double +hreadk - ch'/‘ Hand

Right-Hand and Left-Hand Threads: If rotating the screw in the direction of the
fingers of the right hand causes it to advance in the direction of the thumb it is
said to have aright-hand thread; otherwise it is said to have a left-hand thread.

Pitch diameter, d, is the diameter of an imaginary cylinder that cuts through the
threads in such a way that the width of the threads and the grooves are equal on
this cylinder.



A thread is specified with a code that defines its series, diameter, pitch, and class
of fit (tolerance). For example,

...').o UNC - 2A - LH

Nam‘::l_— & / \\ Legt Hunl

Oufside Th.mual Un tp‘u( Tolerang
br Ned'l  class
Mq.,’or OD':'an.d'a.r "‘d‘ CoorSe CA r's for cat'hrru'l -Mr,u.ao
( size)

Other standard series of thread pitch families are: fine-pitch (UNA) and extra-fine-pitch
(UNEF).

There are eight classes of thread which differ by the amount of allowance and/or
tolerance. Classes IA, 2A, and 3A apply to external threads.

1. Classes 1A & 1B have liberal allowance for ease of assembly even when threads are
dirty or slightly damaged

2. Classes 2A & 2B permit external threads to be plated. Used for commercial
fasteners.

3. Classes 3A & 3B have small tolerances and are used when no allowance is required.

4. Classes 2 & 3 are not standardized and are used only with American products.

ISO threads are designated by the letter "M".

M 10 x .25

S7 Thraadd ‘}‘9’ Pl#&‘l n amt
Jgsl,u‘ollon oliamater R Hhreasl

(mm)

There are six classes of fit for metric threads:
89, 7H correspond to 1A &1B
69, 6H correspond to 2A & 2B
5g, 5H correspond to 3A & 3B

Bolt classes are designated by "g" and nuts by "H".



Basic dimensions of the UNS threads are given in Table 15-1 and those of ISO thread
are given in Table 15-2. In these tables the "Tensile Stress Area", A is defined by

A, = ’2‘( dfz’*‘[’)z (1s . 1a)

where for UNS threads:

_ 0.64%519 _ 1229038 (1510
df =od — m Jrs o N )

)

and for ISO threads:

d’:-‘ d- 0.649S19F , a(r::J“ (. 2-71038r (Is.lc)

where d is the outside diameter, N is the number of threads per inch, and p is the pitch
inmm.

Testing of thread rods in tension shows that

o= F (15.2.)

TR



Coarse Threads—UNC Fine Threads—UNF

Major Threads finor Tensile Threads Minor Tensile
Size Diameter per Diameter Stress Area per Diameter Stress Area
d {in) inch d, {in} A, {inz} inch d, {in) A, (in®)
r 0 0.0600 - - - 80 00438  0.0018
1 0.0730 &4 0.0527 0.0026 72 0.0550 0.0028
2 0.0860 56 0.0628 00037 64 0.0657 0.0039
3 0.09%0 45 0.0719 0.0049 56 0.0758 0.0052
G"’ 2 ) 4 01120 40 0.0795 0.0060 48 0.0849 0.0066
5 0.1250 40 0.0925 0.0080 A4 0.09585 00083
Nowbar [ 0.1380 32 0.08974 0.0091 40 0.1055 0.01
8 0D.1640 32 0.1234 0.0140 36 0.1279 0.0n47
10 01900 24 0.1359 0175 32 01494 0.0200
‘22 0.2160 24 0.1619 0.0242 28 0.1696 0.0258
1/4 0.2500 20 0.1850 0.0318 28 0.2036 0.0364
516 0.3125 18 0.2403 0.0524 24 0.2584 0.0581
3/8 0.3750 16 0.2938 0.0775 24 03200 0.0878
716 0.4375 14 0.3447 01063 20 0.3725 01187
1/2 0.5000 13 0.4001 0.1419 20 0.4350 0.1600
916 0.5625 12 0.4542 01819 18 0.4903 0.2030
5/8 0.6250 11 0.5069 0.2260 18 0.5528 0.2560
3/4 0.7500 10 0.6201 0.3345 16 0.6688 0.3730
7/8 08750 9 0.7307 04617 14 0.7822 0.5095
1 1.0000 B 0.8376 0.6057 12 0.8917 0.6630
11/8 1.12580 7 0.9394 0.7633 12 1.0167 0.8557
11/4 1.2500 7 1.0644 09691 12 1.1417 1.0729
13/8 1.3780 [ 1.1585 1.1549 12 1.2667 13147
11/2 1.5000 6 1.2835 1.4053 12 1.3997 1.5810
13/4 1.7500 5 14902 1.8995
2 2.0000 4.5 1.7113 2.4982
2144 2.2500 4.5 1.9613 3.2477
21/2 2.5000 4 2.1752 3.9988
23/4 2.7800 4 2.4252 4.9340
3 3.0000 4 2.6752 5.9674
31/4 3.2500 4 29252 7.0989
31/2 3.5000 4 3.1752 B8.3286
33/4 3.7500 4 3.4252 9.6565
4 4.0000 4 3.6752  11.0826

Table 14-1

Note: For d <0.25in, to find diameter use the formula:

13 (Gage Number) +60 = Diameter / 1000



Coarse Threads

Fine Threads

Major Pitch Minor Tensile Pitch Minor Tensile
Diameter p Diameter  Stress Area P Diameter  Stress Area
d (mm) mm d, (mm) A, (mm?2) mm d,. (mm) A, (mm?)

3.0 0.50 2.39 5.03

35 0.60 276 6.78

4.0 0.70 3.14 8.78

5.0 0.80 4.02 1418

6.0 1.00 4.77 2012

7.0 1.00 577 28 86

8.0 1.25 6.47 36.61 1.00 6.77 39.17
10.0 1.50 8.16 57 .99 125 8.47 61.20
12.0 1.75 9.85 84.27 1,25 10.47 92.07
14.0 2.00 11565 115.44 1.50 1216 124.55
16.0 2.00 13.65 156.67 1.50 14.16 167.25
18.0 2.50 14.93 192.47 1.50 16.16 216.23
200 2.50 16.93 24479 1.50 18.16 271.50
220 2.50 18.93 303.40 1.50 20.16 333.06
240 3.00 2032 352.50 2.00 2185 384.42
270 3.00 2332 459 41 2.00 24 .55 49574
300 3.50 2571 560.59 2.00 2755 621.20
330 3.50 28.71 693.55 2.00 30.55 760.80
360 4.00 31.09 816.72 3.00 3232 864.94
390 4.00 34.09 975.75 3.00 3532 1028.39

Table 14-2

Principal Dimensions of ISO Metric Standard Screw Threads.
Data Calculated from Equations 14.1—See Reference 4 for More Information.



