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Screws and fasteners
Fastener design

Bolts and nuts

&

(a) Split lock washer (c) External-tooth washer

;%‘%E (b) Internal-tooth washer (d) Internal-external tooth

(¢) Socket button head

(b) Hex jam nut

(c) Hex castle nut WPI
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(a) Bolt, washer, and nut
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(b) Machine (cap) screw

Screws and fasteners
Fastener design

United National Standard (UNS) and ISO thread form
(UNC - coarse thread; UNF - fine thread, see Table 14-1)

ST

!

minor dia d,

l

pitch dia d[, major dia d

crest root

Specification (example):
1/4-20 UNC-2A

/.l/ ~J
1/4" diameter, d /\/ Class 2-fit, external

20- threads per Coarse series
inch (Pq)
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Screws and fasteners
Tensile stress area

dp+d, )
Tensile stress area (definition): A = % (%)

UNS threads: dp, =d —-0.649519/N dr =d —-1.299038/N

IS0 threads: dp =d —0.649519p dr =d —-1.226869p
Tensile stress . Ot = % Torsional stress : T = % = %
\< -
I A
minoeria dy \ pitch dia d,  major dia d




Screws and fasteners
Power screw applications

Power-screw jack Typical power-screw threads
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(a) Square thread dp ; (b) Acme thread
d,
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(¢) Buttress thread
d,
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Screws and fasteners
Strength of standard bolts and machine screws

Table 14-6 SAE Specifications and Strengths for Steel Bolts Z{iie
Size Range Minimum  Minimum  Minimum
SAE Outside Proof Yield Tensile |
Grade Diameter Strength Strength Strength
Number (in) (kpsi) (kpsi) (kpsi) Material
1 0.25-1.5 33 36 60 low or medium carbon
2 0.25-0.75 55 57 74 low or medium carbon
2 0.875-1.5 33 36 60 low or medium carbon &
4 0.25-1.5 65 100 115 medium carbon, cold drawn
5 0.25-1.0 85 92 120 medium carbon, Q&T*
5 1.125-1.5 74 81 105 medium carbon, Q&T 4
52 0.25-1.0 85 92 120 low-carbon martensite, Q&T
7 0.25-1.5 105 115 133 medium-carbon alloy, Q&T
8 0.25-1.5 120 130 150 medium-carbon alloy, Q&T
8.2 0.25-1.0 120 130 150 low-carbon martensite, Q&T 5

" Quenched and Tempered.

Grain structure of cut and rolled threads (stress concentrations, cracks; etc)

Minimum 5.2
f@e\ imperfections
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(a) Cut threads (b) Rolled threads ! g



Screws and fasteners
Preloaded fasteners in tension

Bolted assembly in tension: nomenclature
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Clamped material
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Screws and fasteners
Preloaded fasteners in tension

Preloading a bolted assembly: note that clamped material is
modeled as a spring in compression

100 Ib 100 Ib

110 1b

insert
stop
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Screws and fasteners
Preloaded fasteners in tension

Preloaded bolt compressing
a cylinder

—| (] |-—
P2 Pl2

! Length of thread = twice
bolt diameter + 1/4 inch

(b) Machine (cap) screw
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Screws and fasteners
Preloaded fasteners in tension

Recall the spring constant for a bar in tension.

o o_F _Fl
Deflection, 5. E = A = 0 =

«—F _AE

o I

Equivalent spring constant, k:

Recall the spring constant for different stiffness sections.

Total spring constant, Kiotal - ktial = lg‘l + k12 +.. k—];n
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Screws and fasteners
Preloaded fasteners in tension

Spring constant for a round bolt is:

1 _ |k | — s
ko  AEp  AoEp
Spring constant for, equivalent, cylindrical clamped material:
l _ Il n |2 e (] |-—
km  AnEi  AnE: P/2 PI2
T AN TT
If clamped materials are the same: Eq =Ep =E, 5 [ _If
ly
 AE, D& E; 1R
Degt ) L
= kK= :
me 4 | = =
|
P/2 PI2
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Screws and fasteners
Preloaded fasteners in tension: static load

Load: supported by bolt
and material:

P=P,+hR

Compressive Joad in the
material:

Fm=|:|_Pm , FmZO

Tensile load in the bolt:
Fo=F+R

iil
5, 0 5, O

(b) Load deflection and resulting forces
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Screws and fasteners
Preloaded fasteners in tension: static load

Key calculations showing advantage of preloaded fasteners.

Change in deflection: Ao = B_F R = Lol Pn

kb a km m
Usingi P=Pn+P = R=r k+bkb P=CP
m
Bolt supports
fraction
of total load /!
D _ Kknm M
Also, using: P=BFn+R = Bn= . P=(1-C)P
Material supports
most

of total load /I
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Screws and fasteners

Preloaded fasteners

in tension: static load

Key calculations showing advantage of preloaded fasteners.

Material load: Fn=FK-(1-C)P
—1 50/1'/6 to determine
Bolt load" F,=F +CP optimal pre-load, F;

Joint separation load P _ =
(setFn=0): °1-C
Safety factor against N _ R ___FK
Jjoint separation: PN TP T P(1-C)
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Examples

= Review and Master: Example 14-2
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Reading

@ Chapters 15 of textbook
= Review notes and text: ES2501, ES2502, ES2503

Homework assignment

< Author's: 15-1
= Solve: 15-2, 15-7, 15-11, 15-23m
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