, AND

FASTENERS
THE DESIGN OF
NONPERMANENT JOINTS

’

SCREWS




N e
—

—_—

= I Sarr——y———yy—]




ME 307
Machine @
Design |

&

-..; .
_-1‘:9!
? //,’//,/:’/ %

STUB ACME







W Y

Flar (827 Filtistar Thuess

TEFEFw

Kovnd &m#.ry Par Hex 100" Fat




ME 307

Machine (V&4

Design |

8-1
8-2
8-3
8-4
8-5
8-6
8-7
8-8
8-9
8-10
8-11
8-12
8-13
8-14
8-15

B Ghapter Outline

Thread Standards and Definitions
The Mechanics of Power Screws
Strength Constraints
Joints-Fasteners Stiffness
Joints-Member Stiffness

Bolt Strength

Tension Joints-The External Load
Relating Bolt Torque to Bolt Tension
Statically Loaded Tension Joint with Preload
Gasketed Joints

Fatigue Loading of Tension Joints
Shear Joints

Setscrews

Keys and Pins

Stochastic Considerations
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LECTURE 35 —

8-3 Strength Constraints

8-4 Joints-Fasteners Stiffness
8-5 Joints-Member Stiffness
8-6 Bolt Strength
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Example-3

A single-threaded 20 mm power screw is 20 mm in diameter
with a pitch of 5 mm. A vertical load on the screw reaches a
maximum of 3 kN. The coefficients of friction are 0.06 for
the collar and 0.09 for the threads. The frictional diameter
of the collar i1s 45 mm. Find the overall efficiency and the

torque to "raise" and "lower" the load.



Example-3

[=5mm

d=20mm

Pitch, p =5 mm

d =(d-p/l2)=20-25="17.5mm

Load, F = 3 kN
Frictional coefficient for the thread, f= 0.09
Frictional coefficient forthe collar, f_= 0.06

Given

Frictional diameter of the collar, DG = 45 mm
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Example-3 (Cont.’d)

Solution

The torque required to raise the load is:
_ Fd (!+ ﬂfdm} \ Ff d_
2 ndm - f 2
_ 3(17.5) / 5+ 1n(0.09)(17.5) 3(0.06)(45)
Tp= } +

2 T(17.5) = (0.09)(5) 2
= 478902 +4.05=8.84 N.m

-

R

The torque required to lower the load is:
o= Fd (“fdm‘ I ) N Ff d.
© 2 \md_+fl 5
T = 3(17.5) ( (0.09)(17.5) -5 ) N 3(0.06)(45)
L 2 T(17.5) + (0.09)(5) 2
= -0.02462 +4.05=4.025N.m
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Example-2 (Cont.’d)

Since T, is positive, the thread is self -locking. The efficiency is:

Tn Fl
E -_ — =
TE 21'E'.r"E
= 3(5) = 0.27



ME 307 7
Machine W&
Design |

Power Screws Stress Analysis

The following stresses should be checked on both the nut and
the screw:

1. Shearing stress in screw body.

16T
T = 3 (8-7)
nd
2. Axial stress in screw body
_F 4AF (8-8)
o= = 2
A nd:



vechine () :
Design Power Screws Stress Analysis

3. Thread bearing stress

_F _2F iy F

- ndmntp/2: nd n p

where 7, is the number of engaged
threads.

Figure 8-8

Geometry of square thread useful in
finding bending and transverse shear
stresses at the thread root
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4. Thread bending stress
The bending stress at the root of the thread

IS given by
I _(412)(xd,n,)( p/2) LI
C (P/2)/2 24
F i 2)
Y :_p %p/ .
4 ~— 1d, ——
M (ij 24 6F
o, = = - = (8-11)
Ilc \ 4 )Jrdnp® ndnp
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5. Transverse shear stress at the
center of the thread root

Jy 3 sl 3F A
— — (8'12) ero /\.

T=0

T = = == =
24 2nd n p/2 7wd np

Notice that the transverse shear
stress at the top of the root is zero

7=0
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Power Screws Stress Analysis

The state of stress at top of

_ O Von-Mises Stress at top of
root “plane” is

root plane is calculated

6F
O, = z, =0 using Eq. (6-14) of Sec. (6-5
* " 7dnp xy g Eq. (6-14) (6-5)
o 167 and failure criteria applied
O, = 0 Uy = rd> (see example 8-1).
AF
GZ - 2 zZX — O
wd
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Power Screws Stress Analysis

U The engaged threads cannot share the load equally. Some
experiments show that
the first engaged thread carries 0.38 of the load
the second engaged thread carries 0.25 of the load
the third engaged thread carries 0.18 of the load
the seventh engaged thread is free of load

O In estimating thread stresses by the equations above, substituting

n, to 1 will give the largest level of stresses in the thread-nut

combination
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Power Screws Buckling

Assuming that the column (screw) is a Johnson column

F

|

I=L+L’

[=L+L' L’/ J\
L

2
(Ej _s (S L) L
A). 7 \2znk) CE A‘

where
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A square-thread power screw has a major diameter of 32 mm and a pitch of 4 mm
with double threads, and it is to be used in an application similar to that in Fig. 8-4.
The given data include f = f. = 0.08, d. = 40 mm, and F = 6.4 kN per screw.
(a) Find the thread depth, thread width, pitch diameter, minor diameter, and lead.
(b) Find the torque required to raise and lower the load.

(¢) Find the efficiency during lifting the load.

(d) Find the body stresses, torsional and compressive.

(¢) Find the bearing stress.

( f) Find the thread stresses bending at the root, shear at the root, and von Mises stress
and maximum shear stress at the same location.



ME 307 @ (a) From Fig. 8-3a the thread depth and width are the same and equal to half the

Machine pitch, or 2 mm. Also
Design |

dy =d - p/2=32-4/2 =30 mm

d=d-—p=32-4=28mm
[ =np=24)=8mm
(b) Using Egs. (8-1) and (8-6), the torque required to turn the screw against the load is

Ty

_ Fd, (I+rrfd,..) - Ff.d.
2 \ndn-fl 2

_ 6.4(30) [3 + HIG.UB)GO]] 4 6.4(0.08)40
2 7(30) — 0.08(8) 2

= 1594+ 1024 =26.18N-m
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Uung Egs. (8-2) and (X-6), we find the load-kmenng losque s

r = E:(r.r-!.—l)+ Ffd
*= 2 \ndaw 1) 2
_ 6400) [ x(0.08)30 - § L, 6.400.08)(40)
2 o (M) 4 0.08(X) .

= =0466 4+ 1024 =9TIN-m

The minus sign im the fira lerm indicates that the sorew abone s ot self-lockng and
would rotste under the action of the load except for the fact that the collar frction s
present and  must be overcome, 100, Thus the torque roquired o rotate the sorew “with™
the boad s besa han is neoessary b0 overcome collar ncton alone.

() The overall efficioncy in raising the load is

= Fi & 6.4(X)
2xTy 2x(26.1K)

= 0311
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() The body shear stress ¢ dee 10 torsional moment Ty ot the outside of the wrew
body is
= 167, & 16026, 15){10")
xd x(28%)
The axial nosminal normal stress @ s

4 4 .
it AWy

(r) The bearing stress oy s, with one thread carrying L3R F,

NOARF) = 20386410
xdil)p BT TR T

() The thread-root beading stress o, with one thread carrying 0AXF i

o o SOISF) _ 6038)(6.4)10°
T oadilp TN

= 6,07 MPa

= =129 MPa

Ny = =

=415 MPa
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The transverse shear at the catreme of the root cross sextion due to hemding 1s 2¢ro.
However, there s a aarcumferentaal shear stress af the extreme of the rood oross soc-
teon of e theead as shown in pan () of 6.07 MPa The three-dimensonul sresses,
after Fig. 8-%, noting the v coondinate is into the page, are

a, = 41.5MPa Ty =0

a, =0 r,. = 6.07 MPa

a,w=103MP r, =0
Equation (5-14) of Scc. 5-5 can be writion as

o - éluu = 0) 4 [0 = (=1039)F + (=109 - 41.5) + &6.07)")"?

= 45.7 MPa



Ve 307 & Alternatively, you can determine the principal stresses and then use Eq. (5-12) to find

e the von Mises stress. This would prove helpful in evaluating Tu.. as well. The prin-
cipal stresses can be found from Eq. (3-15); however, skeich the stress element and
note that there are no shear stresses on the x face. This means that o, is a pnincipal =
stress. The remaining stresses can be transformed by using the plane stress equation,
Eq. (3=13). Thus, the remaining principal stresses are

-12.39 i ‘/(—IE-39)' + 6.07* = 2.79, —13.18 MPa

£

Ordering the principal stresses gives oy, 03, o3 = 41.5, 2.79, —13.18 MPa. Substi-
tuting these into Eq. (5-12) yields

e [ [41.5 — 2.79F + [2.79 — (=13.18)® + [-13.18 — 4151 | '/
h 2

= 48.7 MPa

The maximum shear stress is given by Eq. (3-16), where Ty, = 11,3, giving

e (e ;ﬂl _ 41.5 - {2—|3.|El — 27.3 MPa




2 B Types of fasteners

Nonpermanent Joints I

Flat washer — =

1) Members —i S
Fasteners EL:' _ 2k

i |
(a) Screw (b) Bolt and nut (¢) Stud and nut () Threaded rod and nuts

Three types of threaded fastener: (a) Screw (b)Bolt and nut; (c¢) Stud and
nut, (d) Threaded rod and nuts




e B) Threaded Fasteners

A- BOLTS:
or hexagonal)

_ Approx. %in Washer
Purpose: 7V ha (=ladil |
to clamp two or more l!‘” H ” ‘||||| Threadec
members together. I~ i’ part
Pa rts: ' Unthreaded

! R part
(1) Head (Square or
Hexagonal)

(2) Washer (dW:]'5d) Dimensions of square and hexagonal bolts are
(3) Threaded part given in TABLE A-29

(4) Unthreaded part



e B) Threaded Fasteners

The diameter of the washer face
IS the same as the width across

the flats of the hexagon. The
thread length (L;) is : —>{[< Approx. gz in
English R/

-

2D+1in L<6in
I - 4
7= 9

2D+%in L>6in

Metric (in mm)

(2D+6  L<125 D<48
L;=92D+12  125<1 <200 D is the nominal diameter
2D+25 L >200
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Threaded Fasteners

B- NUTS: Same material as that of a screw
Table A-31 gives dimensions of Hexagonal nuts

s:;.<“.{“.{“.f“.{“.{“.{“.{“.{“.{“.f“.{“.{“.{“.?.{“.{“.f“.{“.{“.{“.?J‘d‘#&‘?&*@#&*ﬁf&*&*ﬂfﬁ*#.ﬁ{*&*ﬂhﬁ? R RN R R TR
* 'Qf

F H H 2
| —>{ [<=Approx. & in [« H—>| r—;-|_l<prpr0x. & in =] |-‘_

T e e e T e e e T e T T e Ta Ta T Ta T !

Good Practice:

1. Never re-use nuts;

2. Tightening should be done such that 1 or 2 threads come out of the nut;

3. Washers should always be used under bolt head to prevent burr stress
concentration.
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Common Cap screws

Used for clamping members
same as bolt except that 1
member should be threaded.

The head of a hexagon-head
cup screw H .., is slightly
thinner than that of a
hexagonal head bot H ;.

Figure 8-10

Typical cap-screw heads: (a)
fillister head; (b) flat head; (c)
hexagonal socket head




wwi—

M L—I‘.

ferh Foind head

() Hex head (trimamed)

N ]

() Flat head

ey 1.1[111 T
0 I”UJ”JIJ

W v

() Hex head (upsct)

Threaded
Fasteners

Figure 8.11.:
Types of heads used in
machine screws
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"Joints: Fastener Stiffness

~ In joint under tension the members are under compression

and the bolt under tension:

= equivalent spring constant

of bolt composed of threaded (<,) and unthreaded () parts

actlng as sprlngs In series

1 1 1

=—+
k, k, Kk,
kb — ka’kt

k, +k,
¢ o AE  _AE
ly l,

k, = A, AE —

A+ Al

> " For short bolts k.= k;
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Joints:
Fastener
Stiffness

To find different

parameters use

table 8-7

]

Effective grip L,

| %
h+—; t<d

L'g= =
h+‘f{ =4

it

(a)

Grip is thickness Lg |

Fastener length: [ > Lg + H

Length of useful unthreaded
portion: [y=1L — Lt
Length of threaded portion:
’r = "-G - jd

Di

Given fastener diameter d
and pitch p or number of threads

Woasher thickness from
Table A-32 or A-33
Threaded length L;

Inch series:
2D+ Lin, L <6in
"Tl20+Lin,  L>6in

Metric series:

2D+ 6mm, L <125 D <48 mm
2D+ 12 mm, 125 <[ =200 mm
2D +25mm, L > 200 mm

Lr=

Round up using Table A-17"

Area of unthreaded portion:
Ay =nd?/4
Area of threaded portion:
A,, Table 8-1 or 8-2
Fastener stiffness:
A

An“,} s Au‘d

Ly

| Effective grip

tr <d

e h+1t/2,
& fg:-d

h+d/2,

Fastener length: L > h+ 15

Length of useful unthreaded
portion: lg =L — L7
Length of useful threaded

portion: Iy = L's — I




Joints: Member Stiffness

Members act as springs under compression

Compression stress distribution from experimental data

. : Pdx
Equivalent spring constant do = =
1 1 1 1 1 Integrating from 0 to
=+ — +—+ .. —
k., k. k, ks k, 5 - P In (2¢ttana+ D -d)(D +d)
nEd tana (2ttana+ D +d)(D —d)
P P rEkd tan o

- 5 . (2ttana+D—-d)(D +d)
In
D . (2¢1an @ + D + §Hjf HEC g §lide 33




Joints: Member Stiffness

For Members made of Aluminum, hardened steel and cast iron

- 0.5774nEd
k= 1155+ D —d)(D +d) (8-20)

X

(1.155¢+ D +d)(D —d) -

f}'

t

|_..‘,._

T4 ¥
7 dx L* d *'|
If Members have (/= 2f) they act as 2
identical springs . = k/2 Fora=30°and D =d, = 1.5d
0.5774 rnEd

o = 0.5774 [+ 0.5d (8-22)
2In(5 ' L

0.5774 [+ 2.5d
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Joints: Member Stiffness

Other equations

From Finite element analysis results, A and B from

Dimensionless stiffness, &,

k
m_— Aexp( Bd /! 8 —23)-
o p( ) (_ )

&

&

&
& "
7 o=

™Y A

4 A -
-

—_— e e B DD
= N e & M2

._
]

o

0.1 0.3 0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9
Aspect ratio, d/[

O FEA —+ Rotscher & Mischke 45° A Mischke 30° X Motosh
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Bolt Strength

Bolt strength is specified by S or
F, and

The SAE specifications are given in
Table 8-9 bolt grades are numbered
according to

The ASTM Specs for steel bolts
(structural) are in Table 8-10.
Metric Specs are in table 8-11.

Stress

I Sp not available use Sp =0.85 Sy
FD = At SD

Strain
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Static Analysis

a) External Load
External Load P is shared by bolt and
members

Equilibrium P=P +P

Compatibility5 =0, =0,

P Pk,

(4)

w _ b
Relation P-6 0 = k = k &Pm = (3)} C = k,
b b k, +k /

C is the stiffness constant of the joint,
For typical values of C see table 8-12

Most.-of-external-Load-IZ aken.b

m
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o Tension Joints

b) Resultant Bolt & member loads: F,& F,
F, =P, +F,=CP +F,
F.,<0

F =P -F=(01-C)P-F, m

; high preload is desirable in tension connections’J

c) Torque required to give preload Fi F.=0.75 Fp For re-use

r_Fd, [ l+md, seca | Ffd, Fi=0.90F, For permanent joint
2 \nd, - flseCc « 2

o 4 ! T:Fidm(tan/l+fseCaj+Fifcdc

rd 2 \[/—- ftan AseCc 2

" K is torque coefficient
d,=(d+d,))I2=(d+15d)/2=1.25d

K values are given in
- [dm ( tan A + f sec j ey fc]Fid table 8-15 (Average
2d \ [ - ftan Asec « Value = 0_2)

_d, [ tan 1 + fsec a
2d \ [—- ftan Asec «

j +0.625 £, T =KF.d
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Tension Joints P

d) Joint Safety
Failure of Joint occurs when:
1) Bolt yields
F, CP F i |
Oy = Ab =1 Al or 2) Joint separates La
! g ! Let P, be external load causing separation F, =0
Failure starts |0, =S,
F, =(1-C)P-F,
CnP) F _ = 0 = (1-C) PyF,
+—=35, F =0 ’
At Al‘ F
S, A —F | |n= i
Load factor |n = 21— P(1-C
f o i-¢) i
SpA, —F, = For n bolts n = i E—
For N Bolts n = . ene P/N/\(;H—S TE?: 35 Slide 39

CPIN
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e) Gasketed Joints- —~
If a full gasket is present in joint
The gasket pressure p is:

Fm
A, 1N
With load factor n
F =0-C)nP —-F,

_[F, —np(l—C)]Aﬂ 7zD

g 3< 6

D, is the diameter of the bolt circle

pP=-
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Fatigue Analysis

(d)

In general, bolted joints are subject
to 0-P, . e.g pressure vessels,

flanges, pipes, ...

_ F,—F, (CP+F)-F, CP
F = Fb F; ':>O-ba =0 = —
ba 2 24, 24, 24,
- :Fb+Fi:>o-bm:Fb+F":(CP+F")+E:CP+F":aba+o-,.
bm 9 24, 2 A 24, A,

t

© ' )
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L Tension Joints
. -

High Preload is especially important in fatigue. O; is a
constant the load line at IF'/A, has a unit slope, r=1. 0

To find s, use Goodman
Load line
|

S S for conservative
—-+ assessment of n:

s s
: / o S,(S,-0,)
e S +S,
“ or Gerber Eqg. 8.42
o UH‘ Sn s« or ASME-elliptic. Eq. 8.43
s
28, . .
o, CP(S +S ) A,

Dr. A. Aziz Bazoune

PEReEKTor Vieding alco Using proof s‘fe””d'tﬁ'“E"'“ §H8 LEC35 Slide 42



o Tension Joints

— Fatigue Analysis

In case of cut threads use the method described in chapter 7
with K values of table §-10.

The fully corrected endurance limit for rolled threads is
given in table 8-17



~<— No. 25 CI

,//

\\\
]\

ex head bolt

%in-ll UNCXZ%in grad 5 |
finished h




ME 307 ,}
MachinEﬂ
Design

8 ||

LY’

N |

g

) |‘
>



ME 307 ;-
Machine W&
Design |

Fallure Modes of Riveted Fasteners

| | !

Under Shear
@) () (c) @)
Failure modes due to shear loading of riveted fasteners. (a) Bending of
member; (b) shear of rivet; (c) tensile failure of member; (e) bearing of rivet
on member or bearing of member on rivet.
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Shear Joints

Centroid of pins, rivets or bolts
As
oo Aix 4 Ayxy o+ Agxg + Ayxg + Asxs  TAX, ¢ o
A+ A, + A, + A, + A, S A, .
. N &
' :A1y1+A2y2+A3y3+A4J’4+AsJ’5=2AJ’1 T Ao'
A+ A, + A; + A, + Aq ¥
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Shear Joints

— Shear of pins, rivets bolts due to eccentric loading

equired for reproduction or display.

V & M statically indeterminate problem | w Ibf/in |
. . u, 0 T ]
4 steps (assuming same diameter bolts, load ‘ H 1' 1”
shared equally) " ":
“ﬂlﬂﬂ mﬁl (b)
oo T
1) Direct load F’ — Fi 8
) o= e 4 N
Primary Shear jz— e oy / /|
2 1YY ¥ Y
A - 00 Y&
—_ | | Beam |
N l; ’.| |E : / \ /
2) Centroid ._ 24X, " oy >
24, -
. 2A,y, (c)
i Y
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Shear Joints

~ Shear of pins, rivets bolts due to eccentric loading

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
3) Moment load M

" J , w Ibf/in | %
Secondary Load H 1|
v, V,
The force taken by each bolt is proportional to its radial F; - Fi
distance from the centroid J_ \_Ji
FA :FB :Fc :FD Z‘II ,_t\/([
v Vg Ve rp /&
Fe fc "D Fp )
F "= M 7, 8
no 2 2 2 I e
r, vy e+ iy
4)  Add Vectorially the direct (©)

and moment loads  If bolts are not same size only bolts with max. R should
e considere
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Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display. IS SIS Ot HAl Coscy g ASSr RS SSG Elenon e pley;
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e Problem 8-50
Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
L) i f Je|
000000
=P @ 0D
&) &)
M= 16503001
= 4950 bl -in

I

| =
h
i

=

]

=

T!-"=E|DEIbe
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1) Direct load F’ 4)Add Vectorially the direct and moment loads
v 300 0 1 F,=1650 -150 = 1500 /b
==~ F, = -1650 -150 = -1800 /b
v Shear of boll:
Fy, = 1501bf Fj, = 150 1bf _
g 1 A, = —(0.5)% =0.1963 in
A I v 4
? v F 1800
|
: - s~ 1650 b r=—= = 9170 psi
F = 1650 Ibi Fji = 1650 Ibi 1 0.1963 psl
2) Centroidisat O 8¢y = 0.577(92) = 53.08 kpsi
3) Secondary Load 53 08
n=——=2579 Ans
" 1" M 1rA (:} l'_l'r
FA = FB = 2 2 = — — d / — 77
rys +rp IsAs=Ad? Lr=20+1/4=1.25
4950 x1.5 H,,c+2p+3/8=7/16+2(1/13)+3/8=0.97"<1.25"
152+152:165O Ib

So As=At = 0.1419in’and t.=/2.7 Kbsi:
C =40 CH-8 _LEC 35 Slide 52
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Problem 8-50

Bearing on boli: !
| /3 3
Ap = — (—) = 0.18751n
2 s, __|___]
13
_F 1800 9600 osi T4 3
TTTA T Toass - T U -
92
= — =058 Ans.
9.6
-l—%.—l-

54

— = 5.63 Ans.
9.6

Bearing on members: 5, = 54 kpsi.n =
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Problem 8-50

Strength of members: Considering the right-hand bolt

M = 300(15) = 4500 Ibf - in
0.375(2y  0.375(0.5)3
_ |2{ Y _ B — 0.246 in*
Vi 4500( 1) T _____
M n L _
o = — — 18300 psi 2
7 0.246 b '
S4(10)3
= =295 Ans.
18 300
e
-I—E—I-




