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Two rectangular metal pieces, the

aim is to join them

€-IW

How this can be done?
How Many methods are there to join them? <:
Which one is the most suitable?

* Permanent

Revit

Weld

Seam (in Sheets)
Bonding (chemical)

* Non-permanent

Threaded fasteners (Screws & bolts)
Keys, Pins and cotters

Snap

Shrink

etc.

* Function of the fastener

« Operating environment of the fastener

« Type of loading on the fastener in service
« Thickness of materials to be joined

« Type of materials to be joined

« Configuration of the joint to be fastened

13 [P}
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Mechanical Fasteners

[
S
Mechanical fasteners are frequently
grouped as listed below:

+ Keys and Pins

» Threaded fasteners

* Rivets

+ Blind fasteners

+ Adhesives

+ Spring retainers

» Locking devices

» Special purpose fasteners

One of the Key Target of current
- designer for manufacturer is to reduce
the number of fasteners

Boeing 747 requires 2.5 Million
fasteners

!

Each one Can cost a lot

1l

Will add a lot to the over all
cost

d [POIUDYI3W S0€-IW




8-1 Thread Standards and
Definitions

Major diameter
— Mean diameter

’» Minor diameter

—>| |<— Pitch p
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Terminology of screw threads

* The /ead /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

* A multiple-threaded product is one having two
or more threads cut besides each other; a
double-threaded screw had a /ead equal to
twice the pitch

—+| Pl _.|L|.._

_..|P|.._ |+ +| —+|P |.._ |

AT

E— single start, L=p double start, L=2p teiple start, L=3p
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Left and Right handed threads

Left Handed Right Handed

L is written on the head
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Coarse Threads (UNC)

Coarse thread series UNC/UNRC. The most commonly used thread system
used in the majority of screws, bolts, and nuts. It is used for producing threads
in low strength materials such as cast iron, mild steel, and softer copper alloys,

aluminum etc. The coarse thread is also used for rapid assembly or
disassembly.

Fine Threads (UNF)

ro!un

Fine thread series “UNF”. This is used for applications that require a higher

tensile strength than the coarse thread series and where a thin wall is
required.

Extra Fine (UNEF)

This is used when the length of engagement is
smaller than the fine-thread series. It is also
applicable in all applications where the fine
thread can be used.

Course thread

Fine thread

2/8/2016



Terminology

« A boltis available in a size as;
M10 x 1.5-6g

* M stands for Metric, 10 is bolt nominal (major)
diameter in mm, 1.5 is the pitch in mm, 6g is
the tolerance class (external thread or g is
capitalized if internal thread)

* MJrepresents externalthread has an
Increased root radjus (shallower root relative
to external M thread profile to reduce stress
concentration at the root)
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Basic thread profile for M ,MJ and

Unified threads

INTERNAL THREAD r.‘

P/8

H/8

60°

3H/8

~m~ / N

\ 30°
D,

P2

P

'maj
EXTERNAL THREAD

/ 5H/8

H/4

Yio
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Diameters and areas of coarse-pitch
and find pitch Metric threads

Coarse-Pitch Series Fine-Pitch Series
All Nominal Tensile- Minor- Tensile- Minor-
Major Pitch Stress Diometer Pitch Stress Diameter
dimensions Diameter d P Area A, Area A, P Area A, Area A,
are in mm 1.6 0.35 127 1.07
2 0.40 207 1.79
25 0.45 3.39 298
3 0.5 5.03 4.47
3.5 0.6 6.78 6.00
4 0.7 8.78 7.75
5 08 14.2 127
6 1 20.1 17.9
8 1.25 36.6 328 1 39.2 36.0
10 1.5 58.0 523 1.25 61.2 56.3
12 1.75 843 76.3 1.25 92.1 86.0
14 2 1ns 104 1.5 125 116
16 2 157 144 1.5 167 157
20 25 245 225 1.5 272 259
24 3 353 324 2 384 365
30 3.5 561 519 2 621 596
36 4 817 759 2 915 884
42 4.5 1120 1050 2 1260 1230
48 5 1470 1380 2 1670 1630

* The equations and data used to develop this table have been obtained from ANSI B1.1-1974 and B18.3.1-1978. The minor diameter
wos found from the equotion d, — d — 1.226 869p, and the pitch diometer from d,, — d — 0.649 519p. The mean of the pitch
diometer and the minor diameter wos used 1o compute the tensile-stress area.
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Diameters and area of Unified Screw
Threads

Coarse Series—UNC Fine Series—UNF
Nominal Tensile- Minor- Tensile- Minor-
All Major  Threads  Stress  Diameter Threods  Siress  Diameter
. . Size Diameter perInch  Area A, Area A, perinch  Area A, Area A,
dimensions Designation in N in? in? N in? in?
are in inch 0 0.0600 80 000180  0.00151
] 0.0730 64 0.002 63 000218 72 0.00278 0.002 37
2 0.08460 36 0.00370  0.003 10 64 000394  0.00339
) 0.0990 48 0.00487 0.004 06 56 0.005 23 0.004 51
4 01120 40 0.006 04 0.004 96 48 0.006 61 0.005 66
5 0.1250 40 0.00796  0.00672 44 000880  0.00716
é 0.1380 32 0.009 09 0.007 45 40 001015 0.00874
8 0.1640 32 0.0140 0.011 96 36 001474 001285
10 0.1900 24 00175 0.014 50 32 00200 00175
12 0.2160 24 0.0242 0.0206 28 00258 00226
i 0.2500 20 00318 0.0269 28 00364 00326
= 0.3125 8 00524 00454 24 0.0580 0.0524
3 0.3750 16 0077 5 0.067 8 24 0.0878 0.080%
L 0.4375 14 0.1063 00933 20 01187 0.1090
% 0.5000 13 0.1419 01257 20 0.159 9 0.1486
= 0.5625 12 0.182 0.162 8 0.203 0.189
H 0.6250 1 0.226 0.202 18 0.256 0.240
i 0.7500 10 0.334 0.302 16 0.373 0.351
3 0.8750 o4 0.462 0.419 14 0.509 0.480
1 1.0000 8 0.606 0.551 12 0.663 0.625
14 1.2500 7 0.969 0.890 12 1.073 1.024
* This toble wos compiled from ANSI B1.1-1974. The minor diometer wars found from th ion d, == d — 1.299 038, ond the pikch di from dy == d — 0.649 519p.

The mean of the pitch diameter and the minor diameter was used 1o compube the lensde-stiess areo.
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Tensile Stress Area A,

* A great many tensile tests of threaded rods
have shown that an unthreaded rod having a
diameter equal to the mean of the pitch and
minor diameter will have the same tensile
strength as the threaded rod

* The area of this unthreaded rod is called the
tensile-stress area A;

Il ubisaq Huudaulbug |POUDYOSBW SOS-IW

Most common Type of threads

The most common thread%

* ISO Thread (metric) === \ T

* Whitworth Thread s
 Trapezoidal Thread
* Knuckle Threa
* Buttress Thread
* Pipe threads
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Threads for power transmission
(Power Screws)
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Power Screws

» Square (a) and Acme (b) threads are used on
screws when power is to be transmitted

Copyright © The McGraw-Hill C: ies, Inc. i q| for ion or display.

e o \-#»
- 29° | _~
g_I L ‘ ’5,_/ / \"?‘f_\\_

d T d

d,

3
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Power Screws

TT
Power screws are used to convert rotary motion to linear motion of the

meshing member along the screw axis. These screws are used to lift weights

Lathes, Screw Jack etc
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For :1pplicuti0n that require power transmission, the Acme and

square threads are used.

8-2 Mechanics of power screw

Mean diameter, d,,
Pitch, p

Lead, /

Lead angle, A
Helix angle, vy

Loaded by axial
compressive force F

The screw is loaded by an axial compressive force F(Figs. 1.7 and 1.8).

Il ubisaq Huudaulbug |POUDYOSBW SOS-IW

The force diagram for lifting the load is shown in Fig. 1.8a (the force P,
acts to the right). The force diagram for lowering the load is shown in Fig.
1.8b (the force P, acts to the left). The friction force is




8-2 Mechanics of power screw...

r

+1.8 (a)
The equilibrium of forces for raising the load gives
> F,=P,—NsinAi—puNcosl=0
> F,=F+uNsini— Ncosl=0.
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8-2 Mechanics of power screw... |2
)

S

and dividing the equations by cos £, one may obtain ;
5 Fl(I/nd,,) + p 5

" 1= (ul/rd,,) g

The torque required to overcome the thread friction and to raise the load is

2 2

T7.=P ﬁ: rd,, L,ll(f,”
r r Hd‘” — Hl ‘

The torque required to lower the load (and to overcome a part of the friction)

is
-lv . ]"['I”I Rll["HI - !
"= 2 \nd, +nl)

p Is the same as

2/8/2016
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Self Locking of power screws z

[A)

This is the torque required to overcome a part of the friction in lowering the load. It
may turn out, in specific instances where the lead is large or the friction is low. that the
load will lower itself by causing the screw to spin without any external effort. In such
cases, the torque 7 from Eq. (8-2) will be negative or zero. When a positive torque is
obtained from this equation, the screw is said to be self-locking. Thus the condition for
self-locking is

wfdy >1

Now divide both sides of this inequality by mwd,,. Recognizing that I /mrd,, = tan i, we
get
f >tani (8-3)

This relation states that self-locking is obtained whenever the coefficient of thread friction
is equal to or greater than the tangent of the thread lead angle.

Efficiency of Power Screw

)e-IwW

- - - _ TT
An expression for efficiency is also useful in the evaluation of power screws. If we
let f = 0in Eq. (8-1), we obtain

Fli
Iy=— (9)
2 9
which, since thread friction has been eliminated, is the torque required only to raise the
load. The efficiency is therefore

Ty Fl
PO

=_— -4
T ~ 21T (8~4)

Il ubisaq bu
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For ACME Threads

_
]

Fd, (I +nfd, seca)
TR =

2 wdy — flseca

_ Thread

2a=
angle

| ubisag bBundsulbug |PoUDYI3W SOS-IW

o
]
(=9

remember that it is an approximation because the effect of the
angle has been neglected.

Effect of Collar Loads

)e-aIwW

TT

Usually a third component of torque must be applied in power-screw applications.
When the screw is loaded axially, a thrust or collar bearing must be employed between
the rotating and stationary members in order to carry the axial component.

fe—— (] ——n
«

F72

e
3
¥

ul:

Fr2

—_— “\-‘{7
C;
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Sample Problem

* A power screw moves a nut in a horizontal
plane against a force of 75 kN. The screw has
a single square thread of 6mm pitch on a
major diameter of 40mm. The COF is 0.1.
a) Calculate P.and 7.

b) If 7,is > 50 N-m, select a suitable electric
motor to rise the load with a speed of 5

Il ubisaq Huudaulbug |POUDYOSBW SOS-IW

mm/sec.
__ (tand + f)
"7 (1 - ftand)
p— dm
Tr = Pr X 7
Solution
Answer
* (a)
- P, =11429 N
- T,=211.4 N-m

* (b)
— Motor power = 1106.9 Watt

Il ubisag Buudsulbug |POUDYIBW SOS-IW
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Stresses in Power Screws

Stresses in Power Screws...

14
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Stresses in Power Screws...

Where -

* 0, = bending stress
* o, = axial

FI |\
x

4
® O-Z = 0 pr
Ty =0 T
* T,, = Torsional stress

* T,, =0

3
I u6!saC H’_—LLHW

Example 8.1

€-aw

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.

(e) Find the bearing stress.

(f) Find the thread bending stress at the root of the thread.

(g) Determine the von Mises stress at the root of the thread.

(h) Determine the maximum shear stress at the root of the thread.

Il ubisaq bu
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Example 8.1...

Solution (a) From Fig. 8-3a the thread depth and width are the same and equal to half the
pitch, or 2 mm. Also

dn=d— pf2=32-4/2=30mm
Answer d=d—p=32—-4=28mm
I =np=2(4) =8mm
(b) Using Egs. (8-1) and (8-6), the torque required to tum the screw against the load is

T_%(andm) Ff.d,
= \Fdn — g1 2

_ 6.4(30) [8+m(0.08)(30)] | 6.4(0.08)40
~ 2 | 7(30) — 0.08(8) 7

Answer =1594+1024 =26.18N-m

Il ubisag Bundsulbug |POUDYOSBW SOS-IW

Example 8.1...

Using Egs. (8-2) and (8-6), we find the load-lowering torque is

T = Fdy (nfdm—1 Ffed,
L= \Fdn+ /1 D
_ 6.4(30) [ w(0.08)30 -8 T, 6.4(0.08)(40)
T 7(30) + 0.08(8) 2
Answer =—-0466+1024=977TN-m

The minus sign in the first term indicates that the screw alone is not self-locking and
would rotate under the action of the load except for the fact that the collar friction is
present and must be overcome, too. Thus the torque required to rotate the screw “with”
the load is less than is necessary to overcome collar friction alone.

(c) The overall efficiency in raising the load is

Fl 6.4(8)

Al = e = e = 10311
At ¢S TR Zn(26.18)
(d) The body shear stress T due to torsional moment Tg at the outside of the screw
body is
16Tz 16(26.18)(10%)
Answer = x_d} == - 6.07 MPa
The axial nominal normal stress o is
4F 4(6.4)10°
Answer o= = —10.39 MPa

Txdl T a(28)

Il ubisaq Huudaulbug |POUDYOSBW SOS-IW
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Example 8.1...

(e) The bearing stress op is, with one thread carrying 0.38F,
2(0.38F) _ 2(0.38)(6:4)10°

Answer — =—12.9 MPa
wda(1)p 7(30)(1)(@)
(f) The thread-root bending stress o, with one thread carrying 0.38F is
6(0.38F)  6(0.38)(6.4)10°
Al = = =4l.
nswer op =d.(Dp 28)(Da 5 MPa
(g) The transverse shear at the extreme of the root cross section due to bending is
zero. However, there is a circumferential shear stress at the extreme of the root cross
section of the thread as shown in part (d) of 6.07 MPa. The three-dimensional stresses,
after Fig. 8-8, noting the y coordinate is into the page, are
oy =41.5 MPa Ty =0
oy = —10.39 MPa 7y: = 6.07 MPa
o,=0 T =0
For the von Mises stress, Eq. (5-14) of Sec. 5-5 can be written as
’ 1 2 2 2 2,1/2
Answer o' = ﬁ[(4L5 —0)*+[0—(—10.39)]" + (—10.39 — 41.5)* + 6(6.07)"}
= 48.7 MPa

Il ubisag Bundsulbug |POUDYOSBW SOS-IW

Example 8.1...

(h) The maximum shear stress is given by Eq. (3-16), where tmax = 1173, giving

_o—o _ 41.5 - (—13.18) — 273 MPa

Answer Tmax

2 2

—10.39 —10.39
“|(

2
5 5 )+6.072=2.79,—13.18MPa

Ordering the principal stresses gives oy, 02, 03 = 41.5, 2.79, —13.18 MPa. .

Il ubisaq Huudaulbug |POUDYOSBW SOS-IW
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8-3 Threaded fasteners

Purpose of the bolt is
to clamp two are more
parts together

Clamping Force/Preload

!

The clamping load stretches or elongates the bolt; the load is obtained
by twisting the nut until the bolt has elongated almost to the elastic limit.
If the nut does not loosen, this bolt tension remains as the preload or clamping force.

Bupsaulbug |poUDYOdW SOS-IW

SIsaq

| Typical cap-screw heads: (a)
fllster head; (b) flat head; (c) {Eﬂ}
hexagonal socket head. Cap l— J
screws are also manufactured A l——.« —-J

with hexagonal heads similar to
the one shown in Fig. 8-9, as

well as a variety of other head ' ﬁlj:i TLW
. . - H .
styles. This illustration uses one u i :
. D D
of the conventional methods of T ‘_I“
representing threads. ;
V| B5
'- =
' |
E2 = 1
{a) by ()
e wr
S ® 8 ©® S
SLOTTED PHILLIPS  PHILLIPS
SLOT PHILLPS PHILUPS SQUARE SQUARE  Hex  SLOTEC S
cOoMBO cCOMBO HEAD

2/8/2016
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%@ﬁn

@mw}
M-

(f) Binding head

,'. " } EHHHHHI‘[I’I ﬂl'l'
NS (ETTI_+”
X s A
S
head (tnmmed)

——
lex head (upset)

Il ubisaqg Buudauibuz |[PoIUDYIdW SOS-IW

Bolts Head

Square Bolt Head

Hexagonal Bolt Head

2/8/2016
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Thread length (L;)

* Inch system (Dis the nominal major diameter)

W S0€-Iw

1
2D +-" L<e6"
L. = 4
L 1
2D + =" L>6"
2
* Metric system D< 48
2D +6 L <125
Lr=42D+12 125<L <200
2D + 25 L > 200 §
» The ideal bolt is one in which only one or two ‘§'
threads project from the nut =
* Washer must always be used to avoid stress
concentration.
8-4 Joints-Fastener stiffness z
w
(=}
« When a non-permanent connection is required, ‘;"
bolted joint is the best choice o
=

 Bolt pre-tension/pre-load when the nut is
properly tightened

« Tension in the bolt and compression in the
members

» Studs are also used

E 7 S_‘

2/8/2016
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8-4 Joints-Fastener stiffness...

» Bolted joints should
— Work without destruction
— Resist external Tensile loads
— Moment loads
— Shear loads
— Combination
» The bolt stiffness can be calculated by
considering it to be fully elastic
» Stiffness?? k=F/y
» The stiffness/spring rate of a bolt “A’ can be

determined using the approach of “springs”
connected in series or parallel.

Il ubisaq Huudaulbug |POUDYOSBW SOS-IW

8-4 Joints-Fastener stiffness...

» Spring rate for Springs in series
1 1 1
h_h+b

* Overall stiffness “A” of the given

figure
k =ks+ ks

2/8/2016
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8-4 Joints-Fastener stiffness...

* The bolt consists tow portions, threaded and

=
&
&
=
unthreaded o
* Both the portions are considered connected in §
series , then o
o Keka 2
* 7 ke +kq g,
3
» Also the spring rate is given by (equation 4-4) 8
AE =3
k = — Q
l o
2
* Then &
AgAE 2
ky =—7"—"— =
Agly + Arly

To determine unknowns for k,

Use Table 8-7
to understand
different
parameters and
calculate bolt
stiffness “k,’

‘ wuibug [polubyo9W SOS-IW

ld=L_LT
L, =1—1,

ty————

=
=
]

22
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8-5 Joints-Member Stiffness z
&
Onel/8 L 1/8
(SE’!;)M o ‘Omj‘cng g:gﬁlf.:“ l!v!\:ﬂ]?lnck One g:e;‘)s
. . thick plotes nsuloh: e insulgling insulating nm;
Stiffness of the members in the Clamp Zone sovosier WU O i) goielol  swesher b Ik plleg
for each nut eachnul  aoeh boit ovelfing fer  each nut. STeel washer
| ring joinl \ ln_r each nut

flanges.

They act like compressive springs in Series

Lt 1
km—kl k2 k3 ki

If one of the member is a soft gasket so its stiffness is very small to
other members hence other can be neglected for all practical
purposes and only gasket stiffness will be used

8-5 Joints-Member Stiffness

« If there is No Gasket then it is very difficult to
find the stiffness except by experimentation.

» The difficulty is mainly because of the
compressive spreads out between the bolt head
and the Nut and hence the area is not uniform

16u3 |polubYd3W SOE-IW

Ito® has used ultrasonic techniques to determine the pressure distribution at the
member interface. The results show that the pressure stays high out to about 1.5 bolt
radii. The pressure, however, falls off farther away from the bolt. Thus Ito suggests the
use of Rotscher’s pressure-cone method for stiffness calculations with a variable cone
angle. This method is quite complicated, and so here we choose to use a simpler approach
using a fixed cone angle.

2/8/2016
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m
w
X
- . 3 v
Compre.ssmn ofa n:aember w]lh M- B 7
the equivalent elastic properties / X tl
f f 7 ' \ 2
represented by a frustum of a 4 .
hollow cone. { B ) S |
\ . /

‘ (a)

the general cone geometry using a half-apex angle «. An
angle @ = 45° has been used, but Little? reports that this overestimates the clamping
stiffness. When loading is restricted to a washer-face annulus (hardened steel, castiron, or
aluminum), the proper apex angle is smaller.

i> Osgood? reports a range of 25° < o < 33°

According to the Text, & = 30° for hardened steel, cast iron and Aluminum
Members

the elongation of an element of the cone of thickness
dx subjected to a tensile force P is, —
P dx
ds = — (a)
EA g T
| Area of the Element | “
z |/
] e a2
=x(ri—r])=n .\lana+5- -\3 , <

&

Substituting this in Eq. (a) and integrating the left side gives the elongation as From table of integrals

I

S dx 1
§ = — _
7E Jy [xtane + (D +d)/2)[xtane + (D — d)/2) > J- (ax + b)(ax + C) dx =

ﬂ In(b + ax) — In(c + ax)

a(c—b)
Using a table of integrals, we find the result to be P nEdtana
S P n(ZHmluﬂ#Dfﬂ'][DwLu‘) ::> kngz (2ttana + D — d)(D + d)
= 7Eduna " Grana + D +d)D—d) N tana DT (D =)

2/8/2016
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Dimensionless stiffness from the above

equation

€-IW

« ‘D”is equal to the diameter of the washer “d,’
+ If“a”is 30°, “/” is 2tand washer diameter “d,’ is 7.5d, then

» Choudury and Green developed a curve for ’;—’;’ using FEM simulation and
concluded the equation;

km =

0.5774x Ed

0.57741 +0.5d

s T
— ( 057741 + 2.54)

k"l
— = Aexp(Bd/I)
Ed P /
Table 8-8 Material Poisson Elastic Modulus
Used Ratio GPa Mpsi
Stiffness Parameters of E
Varisis Member Steel 0.291 207 300 078715 062873
Materials Aluminum 0.334 71 10.3 079670 0.63816
e Copper 0.326 119 173 0.79568 0.63553
Source: J. Wileman, Gray cast iron 0.211 100 14.5 077871 061616
M. Choudury, and I. Green, General expression 0.789 52 0.629 14
“Computation of Member
Stiffness in Bolted Connections,”
Trans. ASME, J. Mech. Design,
vol. 113, December 1991,
0432427
Example 8-2 =
n
S
As shown in Fig. 8-17a, two plates are clamped by washer-faced % in-20 UNF x 1'3 in (5]
SAE grade 5 bolts each with a standard {; 2l plain washer. 2
(a) Determine the member spring rate k, if t afe is steel and the bottom plate oD
is gray cast iron. (2]
(b) Using the method of conical fi ¥
plates are steel. lablei-2 Fastener  Washer Diameter
(¢) Using Eq. (8-23), determine t| Basic Dimensions of Size D oD Thickness
Compare lhe results with ;?an (B)- | American Standard #6 0.138 0.156 0375 0.049
(d) Determine the bolt spring rate | pjoiy Washers (All 48 0.164 0.188 0438 0.049
Dimensions in Inches) #10 0.190 0219 0.500 0.049
#12 0216 0.250 0.562 0.065
0.005 [
t = 7 ; iN 0.250 0281 0625 0.063
1—“ 41 w 0.250 0312 0.734 0.065
N 0312 0344 0688 0.065
# L—; W 0312 0.375 0.875 0.083
o E iN 0375 0406 0812 0.065
.l_ iw 0375 0438 1000 0.083
TTE N 0.438 0.469 0922 0.065
g i =i 0500 1250 0.083
(@ k 0.5 7747!' Ed 1.062 0.095

0.531
155+ D—d)D +d) —

Y0155+ D+ d)D —4d)

| —

2/8/2016
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8-6 Bolt Strength (Read)

‘ American Society for Testing and Materials -

tensile strength.

acquiring a permanent set.

In the specification standards for bolts, the strength is specified by stating ASTM mini-
mum quantities, the minimum proof strength, or minimum proof load, and the minimum

IUDYOSW S0€-IW

:: > The proof load is the maximum load (force) that a bolt can withstand without

2

Q

:Vl\ 2

The proof strength is the quotient of the proof load and the tensile-stress area.

@

Proof strength corresponds roughly to the proportional limit and 8

corresponds to 0.0001 in permanent set in the fastener (First 0,

measurable deviation from elastic behaviour) ‘g
8-7 Tension Joints-The External

<

Load 2

w

o

a

=

(]

l)[l l)ﬂl
d=— and §=—
b km

F; = preload

P = external tensile load

Py = portion of P taken by bolt

P,, = portion of P taken by members

Fy, = P, + F; = resultant bolt load
Fn = P, — F; = resultant load on members

C = fraction of external load P carried by bolt

I — C = fraction of external load P carried by members
N = Number of bolts in the joint

If N bolts equally share the total external load, then

P= Pmlal/N

2/8/2016
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8-7 Tension Joints-The
Load

External

€-IW

Iﬁ! ]zn
= and §=—

S = —
kb km

Since P = P, + P,,. we have

kh + km
Pm — (I En C)P

Therefore the resultant bolt load is

or
kp
Py = Pp—
kw
ki
C=
kh + km

o
:’ Cis Called stiffness
%, constant of the joint

... “‘
"Sagmunsn®

~ ~ kt’)P g -
f';,_P.-,+l',—kb+km+f',-CP+I‘,

Fn <0

B LT
‘e
.

*
*
.

L

8-7 Tension Joints-The External

Load

€-aw

The Resultant load on the connected members is

_ knP
= kp + ki

—FE=(1-C)P-F

Fn<0

Table 8-12

Computation of Bolt and
Member Stiffnesses. Steel

Bolt Grip, in

members c|omped USlﬂg 2
a 17-13 NC steel bolt. 3
- ’ A
ky
C =
kp + kp,

Stiffnesses, MIb/in

L

2.57
1.79
1.37

ko

12.69
11.33
10.63

0.168
0.136
0.114

0.832
0.864
0.886

Members take over 80% of the external load

2/8/2016
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The initial tension “F,”

The initial tension is given as;
0.75F,
Fi =
0.90F,

Where £, is the proof load
obtained from

E, = A:S,
A;is the tensile stress area
obtained from Tables 8-1 and
8-2, S, is the minimum proof
strength obtained from Tables
8-9 to 8-11
If root dia. Is known then
nominal diameter “d’ is
determined as

d = 1.25dr

Table 8-11

€-IW

Metric Mechanical-Propenty Classes for Steel Bolts, Screws, and Studs*

Slze

Range,  Strength,! Strength,! Strength,!
MPa MPa MPa

Inclusive

M5-M36

MI6-MI6

MS-M24

Mi6-M36

MI6-MI6

M5-M36

129 MI6-M36

Minimum  Minimum  Minimum
L Tensile Yield

Material Head Marking

600 830 860 Medium carbon, Q&T

Medium carbon, Q&T

530 1040 %40 L

ow-carbon mariensile,
Q&T

970 120 1100 Alloy, Q&T

0201020201020,

“The thread length for bolts and cap screws is

ihu

Bolt Tightening Techniques...

A
By

Torque Wrench
Pneumatic-impact wrenching
Turn-of-the-nut method

— The snug-tight condition is the

tightness by a few impacts of an

impact wrench, or the full effort of a

person using an ordinary wrench

— all additional turning after snug-tight
condition develops useful tension in

the bolt

— The turn-of-the-nut method requires
that the fractional number of turns

necessary to develop a required

preload from the snug tight condition

Is computed

— For example for heavy hexagonal

structural bolts, the turn-of-nut

specification states that the nut should
be turned a minimum of 180° from the
snug-tight condition under optimum

conditions.

[

2/8/2016
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8-8 Relating Bolt Torque to Bolt Tension

* F;is determined by tightening the bolt and
measuring the elongation 6~

» Some times not possible

» Although the coefficient of friction may vary
widely, a good estimate of the torque required
to produce a given preload can be obtained as;

T

_ Fi‘[m (! + :‘Tf(]m sec o ) Fffzdx
T2 ad, — flseca 2

 Divide by nd,, and put d.= 7.25d

P [(i) (M) + 0.625_/'_] Fd 826

2d 1 — ftaniseca

Il ubisag Bundsulbug |POUDYOSBW SOS-IW

T =KFd

8-8 Relating Bolt Torque to Bolt Tension S
5
+ Blake and Kurtz experimentally determined F; P
(lubricated and un-lubricated) from which K ~ 2
0.2 a
3,
a

Table 8-13

23.6, 27.6, 28.0, 294, 30.3, 30.7, 329, 33.8, 33.8, 33.8,
Distribution of Preload 347, 35.6, 35.6, 374, 37.8, 37.8, 39.2, 40.0, 40.5, 4217
F; for 20 Tests of
Unlubricated Bolts
Torqued to 90 N . m

Table 8-14

Mean value F; = 34.3 kN. Standard deviation, & = 4.91 kN.

30.3, 325, 325, 32.9, 329, 338, 343, 34.7, 374, 405

Distribution of Preload F;
for 10 Tests of Lubricated
Bolts Torqued to 90 N - m

Mean value, Fj = 34.18 kN. Standard deviation, & = 2.88 kN.
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8-8 Relating Bolt Torque to Bolt Tension 2

m
w
Table 8-15 Bolt Condition K
Torque Factors K for Use Nonplated, black finish 0.30
with Eq. T = KFd Zinc-plated 0.20
Lubricated 0.18
Cadmium-plated 0.16

With Bowman Anfi-Seize  0.12

With Bowman-Grip nuts ~ 0.09

_F, CP+F
A A
AFEEEE NN E N E NN NN E NN NN NN NN N NE NN EE NN NN NN ENE N NN NN NN NN ENEEENNEENEENENEEEEEE,

. The coefficient of friction depends upon the surface smoothness, accuracy, and
= degree of lubrication. On the average, both f and f. are about 0.15. The interesting fact
= about Eq. (8-26) is that K =~ 0.20 for f = f. = 0.15 no matter what size bolts are
Ecmploycd and no matter whether the threads are coarse or fine.

o >8-27

Example 8.3

)€-IW

A % in-16 UNF x 2% in SAE grade 5 bolt is subjected to a load P of 6 kip in a ten-
sion joint. The initial bolt tension is F; = 25 Kip. The bolt and joint stiffnesses are
kp = 6.50 and k,, = 13.8 MIbf/in, respectively.

(a) Determine the preload and service load stresses in the bolt. Compare these to the
SAE minimum proof strength of the bolt.

(b) Specify the torque necessary to develop the preload, using Eq. (8-27).

(c) Specify the torque necessary to develop the preload, using Eq. (8-26) with f =
=019

Il ubisaq bBundau
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8-9 Statically Loaded Tension
Joint with Preload

* Yield factor of safety (n,) guarding against
static loading is

F, CP+F,

Op = —
A, A,

Thus, the yielding factor of safety guarding against the static stress exceeding the proof
strength is
S, S,

e .. J— b
Op (CP + F)/A [k

np =

or
S, A,

"r" = CP_-)-F, {8—28]

Il ubisag Bundsulbug |POUDYOSBW SOS-IW

8-9 Statically Loaded Tension
Joint with Preload...

* The load factor (n7,) is

- =5, c)
Solving for the load factor gives

(8-29)

Il ubisaq Huudaulbug |POUDYOSBW SOS-IW
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8-9 Statically Loaded Tension
Joint with Preload...

» At joint separation, all load is on the bolt and is
P, therefore F,= 0 and

(1-C)Ph—Fi =0

+ Let the factor of safety against joint separation
(n,)is

P,
=5 (e)

Substituting Py = npP in Eq. (d), we find
Fi

“Pa-0) =

no

Il ubisag Bundsulbug |POUDYOSBW SOS-IW

8-11 Fatigue Loading of Tension
Joints

+ The fatigue factor of safety is
given by
Sa
ng=—- (1)

a

* Where S, can be obtained on
the intersection of the load line

€-aw

and the failure criteria
 The Load line is;

O-a
Sa = (Sm - Ui) - (2)
m — Oj
» The Goodman criteria is

S
Sa=Se =5 Sm—(3)

ut

2/8/2016
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8-11 Fatigue Loading of Tension
Joints...

» Equate (2) and (3) to get;
_ SeU(:(S.ru — 0j)
B Suloa + Se(om - Ui)

* Where
» S, is the endurance strength from Table 8-17

C (Pmax — Prin)
> and g = 'Z—A"

» and , _ CPuut Prin) + B
m _—ZA, A,

F.
» and g; =A—‘
t

* Putfor S,and g,in (1) to get
o Sr(sur - Ui)

N Suro'u -+ Sz'(om = Ui)

Il ubisag Bundsulbug |POUDYOSBW SOS-IW

8-11 Fatigue Loading of Tension
Joints...

+ Some time P, = 0 (like pressure vessel with
gas, P,..= P, and no gas, P, = 0) then;

ax —

cp
% =24,

_CP R
Om = 2A, A,

Om = Og + Oj

+ The fatigue fos using Goodman
SF(SHI - OT)
ny = ————
Uu(SHI + S{')

+ The fatigue fos using Gerber

2

[SH!\/SE[ + 4S('(Se + U.r') = Sm 20’,‘ S€:| |

|
"= 20,5,

Il ubisaq Huudaulbug |POUDYOSBW SOS-IW
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8-11 Fatigue Loading of Tension
Joints...

» The fatigue fos using ASME-elliptic
SF 2 2
ny = m(sp,fsﬁ + 82 — 0‘3 —a'gS,,)

* The yield fos

Il ubisag Bundsulbug |POUDYOSBW SOS-IW

Example 8.5

<

m
1

w

Figure 8-21 shows a connection using cap screws. The joint is subjected to a fluctu-
ating force whose maximum value is 5 Kip per screw. The required data are: cap screw,
5/8in-11 NC, SAE 5; hardened-steel washer, t,, = -~ in thick; steel cover plate, t; =

16

% in, E; = 30 Mpsi; and cast-iron base, #, = % in, E,; = 16 Mpsi.

(a) Find kp, ky,, and C using the assumptions given in the caption of Fig. 8-21.

(b) Find all factors of safety and explain what they mean.
Figure 8-21

Pressure-cone frustum member

D,

model for a cap screw. For this T
model the significant sizes are I

8|~

- = |

!
h 2 d
I=[ + 12/ t) < l

h+d/2 th>d
[0} = du, +ltane =
1.5d +0.5771
Doi="dy —15d
where / = effective grip. The
solutions are for @ = 30° and

dw =1.5d.

2/8/2016
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Example 8.5 (Solution)

€-IW

(a) For the symbols of Figs. 8-15 and 821, h =1, +t, =0.6875 in, | =h+d/2 =
1 in, and D, = 1.5d = 0.9375 in. The joint is composed of three frusta; the upper
two frusta are steel and the lower one is cast iron.

For the upper frustum: t =1/2 = 0.5 in, D = 0.9375 in, and E = 30 Mpsi. Using
these values in Eq. (8-20) gives ki = 46.46 MIbf/in.

For the middle frustum: t =h —1/2 =0.1875 in and D =0.9375+2( — h)
tan 30° = 1.298 in. With these and E; = 30 Mpsi, Eq. (8-20) gives k> = 197.43 Mlbf/in.

The lower frustum has D = 0.9375 in,# =1 — h = 0.3125 in, and E; = 16 Mpsi.
The same equation yields k3 = 32.39 MIbf/in.

Substituting these three stiffnesses into Eq. (8-18) gives k,, = 17.40 MlIbf/in. The
cap screw is short and threaded all the way. Using / =1 in for the grip and
A, =0.226 in® from Table 82, we find the stiffness to be k,=AE/l =6.78
Mibf/in. Thus the joint constant is

ky 6.78

= = = 0.280
g kp +kn, 678 +17.40

ihu

Example 8.5 (Solution)...

€-aw

(b) Equation (8-30) gives the preload as
F; =0.75F, = 0.75A,5, = 0.75(0.226)(85) = 14.4 kip
where from Table 8-9, §, = 85 kpsi for an SAE grade 5 cap screw. Using Eq. (8-28),

we obtain the load factor as the yielding factor of safety is

oA 85(0.226)

TCP+F, _ 0280G)+ 144 Lo

Answer np

This is the traditional factor of safety, which compares the maximum bolt stress to the

proof strength.
Using Eq. (8-29),

_SAF 850226144
CcP 0.280(5)

Answer nr

This factor is an indication of the overload on P that can be applied without exceeding
the proof strength.
Next, using Eq. (8-30), we have

b 14.4

=Pa-0 ~ sa—oz0 0

Answer np

2/8/2016
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Example 8.5 (Solution)...

For the remaining factors, refer to Fig. 8-22. This diagram contains the modified
Goodman line, the Gerber line, the proof-strength line, and the load line. The intersection

Proof- >\
strength — \

line

Stress amplitude o,

AN

Gerber line
5, \ L
Modified Goodman line
N\

L. S, Su

Steady stress component o,

Il ubisag Bundsulbug |POUDYOSBW SOS-IW

8-12 Bolted and Riveted joints
loaded in shear

Modes of failure in shear loading of
a bolted or riveted connections are
shown

* “a” is bolt under shear loading
* “b”is bending o = #

[{ Pt F
* “C”is pure shear 7 = "

[13 » . F
 “d”is tension o = "

+ “e”is crushing of rivet or plate
+ “f"is tearing

+ “g”is tensile tearing

2/8/2016
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8-12 Shear joints with Eccentric

loading E
« Joints shown in figure are widely used in W 1,
structures k—é— . I
+ The joint member is loaded eccentrically Tf(') o
» The bolts/rivets are in shear :
 LetA, A, A;and A, be the cross- T2
sectional areas of the bolts =
» x andy are the coordinates of the bolts ®
3
» G is the centre of gravity of the group of ‘g
bolts whose coordinates are given by ]
E
8-12 Eccentrically loaded bolted .
joints in shear... m
_ A1x) + Aoxa + Asxs + Asxy + Asxs _ ZT A,.\',’ w;c;__j/e )[ 5
T A+ A+ A+ A+ A LA o I
- A+ Ay + Azys + Agya + Asys 31 A — ! I ]
y= Al + As+ Az + Ay + As N ZI:'J'Af L S S
, , . Lleo o
» Where x’and y’are the coordinates of
the G (i.e. find G using above eqgns.) =
» The external load Fis at a distance e §
from the G. %
» Load oneach bolt F,can be determined S
as shown on next slides <

2/8/2016
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8-12 Eccentrically loaded bolted
joints in shear...

+ Step 1 (Assume 4-bolts)

— Determine the primary shear forces on

each bolti.e. F’
! i I _ ! F
Fa=Fp=Fc="F= No. of bolts
+ Step 2

— Determine the secondary load F”by
taking moment about the G
_ Fery

SRR +rE )

"
FA

+ Step 3
— The primary and secondary loads are
then added by vector addition method to
determine load F,to Fp

(v
(13
0,
Q
=}

8-12 Eccentrically loaded bolted
joints in shear...

+ Step 4
— Choose the bolt which is subjected to maximum shear force
 Step 5
— The size of bolt can be determined by
F
=7

¢ T is maximum permissible shear stress.
* F maximum shear force calculated in step 4.

* A=7d?and d=1.250,
 Step 6

— Choose standard size bolt from Table A-17

Il ubisag Buudsulbug |POUDYIBW SOS-IW
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Example 8-7

Shown in Fig. 8-28 is a 15- by 200-mm rectangular steel bar cantilevered to a 250-mm

steel channel using four tightly fitted bolts located at A, B, C, and D.

For a F = 16 kN load find

(a) The resultant load on each bolt

(b) The maximum shear stress in each bolt

(¢) The maximum bearing stress

(d) The critical bending stress in the bar ‘[ =Y :

v-=yy 3ue-IW

a1 1 ]

LF: 16 kN|

NI

10 ‘ 15
| Y * ]
qﬂ T \.I:'H‘
| M16 X 2 bolts
|
& Y B/"\
N, T T
| E 60
! | y
ol 6%0
D A
- S S
‘ --75-»|-—75—>| 50 I 300 I

Example 8-7...

(b) Bolts A and B are critical because they carry the largest shear load. Does this shear
act on the threaded portion of the bolt, or on the unthreaded portion? The bolt length
will be 25 mm plus the height of the nut plus about 2 mm for a washer. Table A-31
gives the nut height as 14.8 mm. Including two threads beyond the nut, this adds up
to a length of 43.8 mm, and so a bolt 46 mm long will be needed. From Eq. (8-14)
we compute the thread length as Ly = 38 mm. Thus the unthreaded portion of the bolt
is 46 — 38 = 8 mm long. This is less than the 15 mm for the plate in Fig. 8-28, and
so the bolt will tend to shear across its minor diameter. Therefore the shear-stress area
is A; = 144 mm?, and so the shear stress is

F o 21.0010)°
8-1 _——_— = — =
‘ - T = 146 MPa

As
(¢) The channel is thinner than the bar, and so the largest bearing stress is due to the
pressing of the bolt against the channel web. The bearing area is Ay = td = 10(16) =
160 mm?. Thus the bearing stress is

F 21.0(10)*

Ap, T=—13l MPa

Il ubisaq Huudaulbug |POUDYOSBW SOS-IW
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Example 8-7...

(d) The critical bending stress in the bar is assumed to occur in a section parallel to i
the y axis and through bolts A and B. At this section the bending moment is

M = 16(300 + 50) = 5600 N - m

The second moment of area through this section is obtained by the use of the trans-
fer formula, as follows:

I = Iyar — 2(Iholes +d*A)
_ 15(200° [15(16)3

+ (60)2(15)(16)] = 8.26(10)° mm*

12 12
Then
Mc  5600(100
g o OUNIO0) el T e iba
T~ 8.26(10)°

Il ubisag Bundsulbug |POUDYOSBW SOS-IW

Sample Problems

- 84,86,8.7,8.8,8.9,810

+ 8.11,8.12, 8.14, 8.15, 8.19,8.26
+ 8.29, 8.30, 8.32, 8.33

+ 848, 8.51,8.52, 8.54

+ 8.60, 8.67, 8.70, 8.75, 8.76

From
Shigley’s Mechanical Engineering Design, 9 Ed.
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