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\VI}IcomO; to out nn~l ft'iction chapter. sorovJS aoo 
wedges. These are tvro engineering applications of 
friction on an Inclined plane. 

Remember, we are not talking abOut screws used In 
carpentry, but power ser&ws Ulat move JoOOs-tikG th& 
screw ifl a liftingjac;::k. 

..... 01-------

Introduction to screws and wedges 212 

This chapter covers two engineering applications of friction on an inclined 
plane- power screws and wedges. Screws and wedges can be solved by either 
mathematical or graphical methods. 

Screws are obviously important to engineering. Not the 
wood screw type, but power screws- the type that are used 
for moving and lifting loads. This Includes screw jacks, 
power screws in machine tools and linear actuators. The 
theory is also relevant to static applications, such as 
determining whether friction will be able to hold a bolt t ight. 

Wedges appear in many forms and, like screws, they are 
based on the theory of friction on an inclined plane. This is 
a relatively simple concept, except that we now have two .. _ 
inclined planes-one on each side of the wedge. Wedges are 
particularly suited to the graphical method since t hey 
usually form a force triangle (three forces). 

GIVE FEEDBACK 



Define a screw 

A screw thread is a helical structure used to convert between rotational and linear 
movement or force. 

A screw is commonly used for a fastener 
for wood, like this: 

In metals and manufacturing, a screw is a 
full-threaded bolt, like this: 

112 

GIVE FEEOBACII CONTINUE > 



Define a screw 

In engineering mechanics a screw is any threaded rod, particularly if used to clamp or 
move something- like a screw jack designed to lift a car, for instance . 

.. 

CIVE FEEDBACK 
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In engineering mechanics, the definition we will use for a screw is __ . 

Click the correct answer. 

a threaded rod used for force and motion 

a fastener used for attaching things into wood 

a boltthreaded all the way to the head 

a type of propeller 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Throod form ts thO SMPG of UlO thread itSQJr. ThiS 
modifies tfle load capacity and friction properties. 

.. • 01-------

Thread fonns compared 

The most common thread shape is 
triangular (e.g. metric), used for bolts . 

The ball screw has the lowest friction, 
and Is not self-locking. This is used tor 
linear drives in CNC machines. 

The square thread is the most 
efficient of the plain (non-roller) 
threads but is difficult to make. It is 
used for motion and clamping. 

Acme is similar to a square thread 
but is easier to make. 

GIVE FEEDBACK 

Mellie Acme Srp1are Untlmss U:tll 

Buttress is the strongest design, but 
only in one direction, and is seen on 
some clamps, and moulded threads 
(especially plastic moulded threads). 



(a) (b) (c) (d) (e) 

Match attributes of each thread form. 

I Drag statements on the right to match the left 

Most common in bolts and fasteners (e) 

More easily fabricated power thread c-:J (a) 

High load in both directions (c) 

Highest load in one direction (d) 

Lowest friction (b) 

••••• 
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(a) (b) (c) (d) (e) 

Match the name of each thread form. 

f Drag stat1!ments on the right to match the left 

Metric thread form (a) 

Acme thread form c-:J (b) 

Square thread form (c) 

Buttress thread form {e) 

Ball thread form (d) 

••••• ••••• ...... 
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Screws are usually right--handed, but a left­
handed thread migt'lt be used for special 
situations. 

Travel attributes of screw threads 

Thread handedness 
Most screws are right handed. When looking end-<Qn, a clockwise rotation will 
cause the screw to move away from the viewer. Typically, this means clockwise 
wi II tighten it. 
A left-handed screw turns anticlockwise for the same effect, and is usually used: 
• to prevent loosening (left bicycle pedal, grinding wheels) 
• to move in the right direction (turnbuckes, lathe cross-slide) 
• to prevent wrong connection (acetylene gas connection in oxy-acetylene 

welding). 

lead, pitch and starts 

• The lead of a screw is how far it 
moves in one rotation (lead = Pitch 
X Starts) 

• Pitch is the distance between 
successive threads 

• Start is the number of pitches per 
lead. 

CIVE FEEDBACK 

!Pitch ~Lead 

A two- tart right-handed thread 



H 

-1 Drag statements on the right to match tbe left 

The lead of a screw Is CKI 

The pitch of a screw Is CKI 

The number of starts of a screw Is CKI 

.. 

the distance travelled in one 
revolution 

the distance between adjacent 
threads 

the number of independent threads 

.• I 
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j:el the thread attributes In the diagram below. 

This is a 

This Is not a 

Right Pitch Left 

··handed thread. 

-handed thread. 

Submit 

Do you know the answer? 



A 4-start screw must have a lead of 9 mm. 

What is the pitch of this screw? 

(Give answer to at feast 2 decimal place. Include units.) 

Iii 
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~~~~~~~ arctano l g 
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Click and type your answer here 

Clear 

Clear line 

Undo 

CHALLENGE SUBMIT SHOW ANSWER 

INSTRUCTIONS 

• No intermediate steps are required 

• If you choose to show steps, write one on each line. 

• Write your final answer on the last line. 

• The computer will check all your work in detail when you click ' Submit'. 

Hmt Each hint wiU reduce the credll recetved for this question 
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A 3 start screw has a pitch of 5. 

What is the lead of this screw? 

(Round off to nearest integer. Include units.) 

Iii 

_!_I -=--l _j _::j ~ I ~~ ~ 
~~~~~~~~ • 

Clear 

Clear line 

Undo 

Click and type your answer here 

CHALLENGE SUBMIT SHOW ANSWER 

INSTRUCTIONS 

• No Intermediate steps are requ ired 

• If you choose to show steps, write one on each line. 

• Write your final answer on the last line . 

• The computer will check all your work in detail when you click ' Submit' . 

Hint Each hhn wiU reduce the credtt recetved for this question 

( 



[n this chapter we will look at two applications 
of friction on an inclined plane--screw threads 
and wedges. 

A typical application of a square screw thread 

The analysis of forces acting on screw 
threads is very similar to that of a body 
sliding along an inclined plane. 

To keep it simple, we will look at a 
single-start square screw thread, 
which can handle large axial forces. 

They are often employed In screw 
jacks, clamping devices, presses and 
other mechanisms that convert 
rotational effort into an axial force. 

The square thread Is more efficient 
than the more common V--shaped 
thread forms, but is more difficult to 
make. 

GIVE FEEDBACK 
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Which of the following applications is most likely to use a square screw thread? 

Check all that apply. 

0 Lifting jack 

0 Typical automotive bolt 

0 Leadscrew on a lathe 

0 Typical wood screw 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Advantages of a square thread compared to more common V-type thread forms include ___ _ 

0 it is more efficient 

0 it can handle higher loads 

0 it is easier to make 

I KNOW IT 

Check all that apply_ 

Do you know the answer? 

THINH SO UNSURE NO IDEA 



To apply our knowledge of Inclined planes, we 
can treat a screw thread as an Inclined plane 
wrapped around a cylinder. 

·• ... o~-----

How a screw tbread relates to an inclined plane 

A screw thread may be thought of as 
an inclined plane wrapped around a 
cylinder, at a mean diameter D. 

A nut travels an axial distance L, 
called the lead, along the axis of the 
screw for every complete turn of the 
screw. 

0 0 

GIVE FEEDBACK 

The base length of the equivalent 
inclined plane, 'unwrapped' from one 
turn of the thread, is nD. 

L 



The lead of a screw thread is ____ _ 

Click the correct answer. 

the axial distance moved in one revolution ofthe screw 

the axial length of the screw {the total distance the nut can move on the screw) 

the circumference of the screw thread itself (the length of one revolution) 

the distance between adjacent threads of the screw 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



The alll!lil of the ltdi111d ~of • Kfft UlfMCI .. 

<ahdoN! ...... 

Helix an&le lor a screw thrtacl 

The angle which lhe actual thread makes wllh a plane perpendicular to the 

axis of the screw is called lhe helix angle 0. (I Is the lead of the screw thread. 

Dis the diameter of lhe screw) 

D D 

GIVE FEEDBACK 
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Match the following attributes of screws. 

Lead of the screw 

Diameter of the screw 

Helix angle 

D D 

~ 
~ L 

IW I t 

f Drag statements on the right to match the left 

C-:::1 L 

C-:::1 D 

C-:::1 8 

Do you know the answer? 

!"" r=· • 



Formula for calculating t11e helix angle 

~ 
~ L 

I 7r0 I T 

The helix angle e is the same as the angle of inclination of the equivalent inclined plane. It 

can be seen from the above diagram that: 

GIVE FEEOBACII 

L 
tan e =-­

nD 



The helix angle 9 Is found by ___ . 

tan 9 = _L_ 
nD 

sinS= L 
nD 

lane= sine 
cos e 
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Click the oorrect answer. 
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j:el the diagram of an unwrapped screw thread. 

0 

I KNOW IT 

nJ) n L 

0 

Sub met 

~ 
~ L 

1rD I t 

Do you know the answer? 

lHINK SO UNSURE NO IDEA 



Calculate the helix angle- Example 

Example 

What is the helix angle of a screw thread which has a lead of 10 
mm and a mean diameter of 35 mm? 

Solution 

L 
tan6= -­

nD 
10 

= 
11 X 35 

= 0.09095 

:. 6 = tan - 1 0.09095 

= 5.2 ° 

Hence the helix angle is 9 = 5.2 °. 

GIVE FEEOBACII 
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What is the lead of a screw thread which has a helix angle or 
7o and a diameter of 35 mm? (Use at least 1 decimal place. 
Include units.) 

Clear 
~.:J ~ , +I ~.:J r ~.:J Clear lme 

< I• J !!_ mn~ ~.:J arctm 0 +.1 g Undo 

Click and type your answer here 

CHALLENGE SUBMIT SHOW ANSWER 

• 
• 
• 

• 

INSTRUCTIONS 

No Intermediate steps are required 
If you choose to show steps, write one on each line . 
Write your final answer on the last line . 
The computer w111 check all your work m detail when you click 
"Submit". ___ ... ___ ,.__ ... __ 



What is the helix angle of a screw thread which has a lead 
of 10 mm and a diameter of 25 mm? (USe at least 1 
decimal place. Do not Include units.) 

Iii 
Clear 

Clear line 

Undo 

Click and type your answer here 

CHALLENGE SUBMIT 

INSTRUCTIONS 

• No intermediate steps are required 
• If you choose to show steps, write one on each line. 

• Write your final answer on the last line. 
The computer will check ell your work in detail when you cltck •submit". 

Hint 
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v...eon ,__.,.,_""""',_"'puSh 
tN nUl up •M ICAlW thread against a load. 

.• • 0-------

Analyse forces actinc on the thread of a sqoare-threadod screw 

To get the screw of mean dJameter D to exert a force F L along Its axis, there 

must be another force I' P acting on the nut at the mean radius of the thread . 

Graphical analysis of forces on the incline of the thread shows that: 

(b) 

(a) Forces on the Incline of the thread (b) Triangle of forces 

GIVE FEEOBACII 



Label the free body diagram for a screw thread, where: F L =load, F P =applied 

force, F, • friction reaction, <1> • angle of friction. (:1 a helix angle. 

I 1 I ' 1 ,. 

Submit 

Do you know the answer? 



j:el the free body diagram for a screw thread where F L s load, F P = applied force, 

F 11 s friction reaction, <l> • angle of friction, 0 • helix angle. 

Subm1t 



eon..rt tho -at""'-10 a""'*"­IIQPII"NN to 1M .crew, lO raise a load. 

... 0-------

How to obtli1 llle rtq~~i~ blming moment appl~ to screw 

Since force F P Is acting at a radial distance D 12 from the axis of the screw, 

the turning moment M which must be applied is: 
D 

M =Fp -
2 

and so the formula for the required applied moment M to turn a screw against 

an axial load Is: 

FLD . 
M = -

2
- tan (Q> + 13 ; 

where Q> Is the angle of friction for the thread 
e Is the helix angle of the screw 
D Is the diameter of the screw 

GIVE FEEOBACII 



According to the formula for the applied moment M to turn a screw against an axial load: 

'M = F~Dtan ( <1> + 6) 1 

The moment required to turn the screw will need to be higher if ____ . 

0 the axial load is increased 

0 the diameter is decreased 

0 the helix angle is increased 

n the angle of friction is decreased 

Check all tbat apply. 

Do you know the answer? 

I KNOW IT lHINH SO UNSURE NO IDEA 



Select the correct equation to 
11 determine the moment t Loart 

required to tum a screw to lift a 
load. 

FLD 
M = tan (q> + 6} 

2 

M = FL tan (26) 
2D 

( , :\t 

Click the correct answer. 



Calculate the required moment to tum a screw against a load--Example 

Example 
The previous example had a screw thread with 10 mm lead and 

35 mm diameter, which gave a helix angle of 8 = 5.2°. If this 

screw has a coefficient of friction of 0.2, what moment is needed 

in order to exert an axial force of 540 N? 

Solution 
Angle of friction: cp = tan -t f1 = tan -t 0.2 = 11.31 o 

Substitute into the formula for the applied moment: 
FLD M = tan ( m + 8) 2 .T . 

= 540 N x 0.035 m tan (1131 o + 5.2 o) 
2 . 

= 2.8N.m 

GIVE FEEOBACII 

Load 



l 

A screw thrMd hea" lood ot 7 mm, a diameter of 35 mm a~ a 
, coefficient ot lrlolio11 of 0.:25. If the load creates an axial forco of 
i 6000 N, wMI momonL (in Nlll) IS needed to turn the scrffW? (Uso nt 
/east 1 deolmol p/0011. Do not t;ypa units.) 

i ( 

rc ~.:LJ.:J 
.... ~:..l..:J ... 

CHAUENGE 

~ o'I- J 
Tr ~ 

INSTI1UC'I10NS 

• No lnuwmediate steps art requlrtd 

• w )IOU c11oose to,_ stepe. """" one on eadlllne 
• Wnteyoutlhll-on the 11et .,._ 
• The.,.,.,_,.. c:hecll au your-'< ., cleUiil- )IOU did< 

"Subrn<l'-

r..a .................... ..,_._. 



A~ lhr..ca ld&o ,_ •n ercte of ,.... .. ~ 
-...,.... lf·ICid<trc. 

Recall the angle of repose, 
when c!> = 6. If the angle of 
friction <!> is greater than 
the angle of inclinatiOn 6, 
the body will not slide down. 

Video otjea isn'le t 1 owl .. e-

GIVE FEEDBACK 

Self ·locllinl wews 

For a screw thread, the 
angle of repose Is the llm1t 
at which the screw remains 
self locking. 

If the angle of fnctJon <!> IS 

greater than the heHx angle 
of the thread. I.e. ' > 9. and 
there Is no moment .\f 
appllod, the screw w11f 
rema1n self. locking. 

IncreaSing the load Will not 
make the screw undo Itself 
by spinning down. It will 
continue to support the load 
F L by friction alone. This Is 
why nne threads resist 
loosening. 

(. ~ \1 



What are the self-locking characteristics of a screw when there is no turning moment applied (i.e. 
will the screw turn by the axial force of the load)? 

Which statement is true? 

Click the correct answer. 

If cp > 9 the screw will remain self-locking 

If cp < 9 the screw will remain self-locking 

If cp < 0 the screw wil l remain self-locking 

If 9 > 0 the screw wil l remain self-locking 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Match the design factors that effect the self-locking characteristics of a thread. 

j Drag statements on the right to match the left 

More likely to be self-locking C-::::1 Higher friction •:::: !···· 

Less likely to be self-locking C-::::1 Larger lead 
..... 
jiH! 

More likely to be self-locking C-::::1 Finer thread •c:: !···· .... 

Less likely to be self-locking C-::::1 Smaller diameter •c:: !···· 

Do you know the answer? 

I KNOW IT THINK SO UNSURE NO IDEA 



Which statement is true about self-locking of this screw assembly? 

Click tbe correct answer. 

Friction between the screw and the load F t will increase the chance of self-locking 

Friction between the screw and the theaded base will decrease the chance of self· 
locking 

A longer lever arm wil l reduce self-locking 

A longer depth of screw thread within the base will increase self-locking 

Do you know the answer? 



Detennine whether a screw is self-locking--Example 

A screw is self-locking when the angle of friction (<!> ) is greater than the helix angle (6}. 

Example 
A screw thread has 10 mm lead and 35 mm diameter, which gave a helix angle of 

e = s.z•. If this screw has a coefficient of friction of 0.2, and an axial force of 540 N, is 

this a self-locking screw? 

GIVE FEEDBACII CONTINUE > 



Detennine whether a screw is self-locking--Example 

A screw is self-locking when the angle of friction (<!> ) is greater than the helix angle (6}. 

Example 
A screw thread has 10 mm lead and 35 mm diameter, which gave a helix angle of 

e = s.z•. If this screw has a coefficient of friction of 0.2, and an axial force of 540 N, is 

this a self-locking screw? 

Solution 
The angle offriction is q> = tao -J 0.2 = 11.31 o and the helix angle is e = 5.2 o. Clearly, the 

angle of friction is greater than the helix angle. Therefore the screw is self-locking. 

CIVE FEEDBACK 



A screw threed has a diameter of 35 mm. a coelflclenl of frlctlon ol 
0.25 and an e.lal force of 6000 N .. What Is the !Mldmum lead of the 
screw before • It Ol risk al u.-,g ilsell? NOte: 11lere may be 
unne<e$118()' 01lormation Sjven in lhis quesUon. 

(Round off 10 '*'IOSIInfege<. Include unlls.) 

Iii! 
+ J- . J + ·_gj~.:J raJ 
~.:J ~.:J ~ ~ ~.:J 
lalla H ~I 

a 

cticl< and type your 8Jl$wetl>ete 

GIAUENGE 

CleBr line 

Undo 

( 

INSTRUCTIONS 

No lntermedla!e steps are n!qulrecl 
It roo choose to show steps, writ& ono on eoc11 line. 
Wr1la your final answer on the laSt ~ne. 

The compww will check aD )'Our WOfl< In dellall When roo c!ld< 
'Submit". 
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Which of the following statements about self-locking screws are correct? 
(Reducing self-locking means the screw is more likely to undo.) 

Check all that apply. 

0 A larger axial load reduces self-locking 

0 A larger lead reduces self-locking 

0 A larger diameter reduces self-locking 

0 A larger helix angle reduces self-locking 

0 A larger angle of friction reduces self-locking 

Do you know the answer? 

I KNOW IT THINK SO UNSURE ' NO IDEA 
' 



..... 0 
It can be Shown that the reverse momem M • required 
to loosen or lower a self·IOCklng screw which iS 
supporting a load F L Is gtven by a very Similar 
exPression: 

f,JJ 
M • • -

2
-tan (q> - IIJ 

where: 

'I' is the angle of frictiOn tor the thread 
a is the helix angle of the screw 

In this example of a nght·handed thread reaslng a load, 
a clockwise moment applied to the socket will rease the 
load. Anticlockwise wtlllower tt 

GIVE FEEDBACK 
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Which of the fol lowing statements about the 
raising OR lowering of the load are correct? 

Assume: 

11> = Angle of friction 

9 = Helix angle of screw 

~\1 

Click tlle correct answer. 

If <1> = 9, then the moment to raise the load is zero 

If a> - 9, then the moment to lower the load is zero 

If <I> = 0, then the moment to raise the load is zero 

If 9 ~ 0, then the moment to raise the load is zero 

Do you know the answer? 



The turning moment required to drive a screw that supports a load. 

Assume clockwise will raise the load and antlclockwlse will lower it. 

i Drag statements on the right to match the left 

Clockwise moment to tum the screw to raise the load 

Antlclockwlse moment to tum the screw to lower t he load kl = F~D tan !m-9 '• 2 ·.T • 

The screw will not tum if the clockwise moment is 

The screw will not tum if the anticlockwise moment is C:-D 

Do you know t11e answer? 

I KNOW IT UNSUR£ NO IDEA 

::::: ;:::: 



Calculate the required reverse moment to loosen a self-locking screw--Example 

Example 

Consider a screw thread with 1.0 mrn lead and 35 mm diameter, 
which gives a helix angle of e = 5.2•. With a coefficient offriction 
of 0.2, what moment is needed in order to loosen it under an 
axial force of 540 N? 

Solution 

Substitute into the formula: 

M'= F~D tan i '"-6'• 2 .... ' 

= 540 N x 0.035 m tan ( ll.31 o _ 5.2 o 1 2 . . 

= 1.01 N.m 

Hence the reverse moment required is 1.01. N.m. 

GIVE FEEOBACII 

Load 



l 

A screw thrMd hea" lood ot 7 mm, a diameter of 35 mm a~ a 
, coefficient ot lrlolio11 of 0.:25. If the load creates an axial forco of 
i 6000 N, wMI momonL (in Nlll) IS needed to undo the screw? (Uso nr 
/east 1 deolmol p/0011. Do not t;ypa units.) 

i ( 

.. 

CHAUENGE 

INSTI1UC'I10NS 

• No lnuwmediate steps art requlrtd 

• w )IOU c11oose to,_ stepe. """" one on eadlllne 
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• The.,.,.,_,.. c:hecll au your-'< ., cleUiil- )IOU did< 
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TOO S«ow jad< wo will study h&fO iS simply a screw 
with a handle on it. 

••• 01-------

Simple screw jac,ks 

A simple screw jack is a portable 
device for raising a heavy mass 
through a short distance. 

It consists of a vertical screw in a 
threaded base, turned by a handle. 

Force FE applied to the lever arm is 
working against the much higher load 
force h. 

GIVE FEEDBACK 
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Match the symbols used 
for a simple screw jack 
with their descriptions. 

The load 

The effort 

Theleverarm 

The lead 

I 
I 

, 

-- -

L 

F _____ , _ 
I . U '- -J 

....."""' 

I Drag statements on the right to match the left. 

d 

L 

••••• 
··~·· ••••• ••••• ••••• ••••• 

••••• ••••• ••••• ••••• ••••• ••••• 

••••• ••••• ••••• ••••• ••••• ••••• 

..... 
••••• ••••• ··"·· ••••• ••••• 



Derive the formula to calculate the effort required for a simple screw jack 

A simple screw jack is designed to raise a heavy mass through a short distance. The vertical 
screw is turned In a threaded base by an effort applied to the lever arm. 

This allows a small effort F B to raise a large load FL. The effort applied for one revolution (2 rr d) ( 
raises the load by one lead (L) of the screw. ~. 

----1 

Note: Only a vel)l simple lever arm arrangement is considered here. Any difference in the ratio L 
advantage due to a hand-operated crank-and-gear mechanism, found In many mechanical screw 
jacks, has to be taken Into account where appropriate. 

GIVE FEEDBACK 

Define the 
screw jack 

r 

Calculate the Calculate FE for 

effort FE load In kg 

~ 

----



GIVE FEEDBACK 

Derive the formula to calculate the effort required for a simple screiV jack 

The required turning moment M is produced by the effort force Fe 
applied at a distance d from the centreline, so that: 

M = FF. · d 

Since the required moment is related to the load F 1 by: 

" F 1 D ,,, e· tv' = -- · tan iw + ·, 2 • . 

We can combine these two expressions to give: 

So the effort is: 

F d F1D . A, a· " = -- ·l3n iw + •, 
0 2 ' 

P F1D .,,, e· 
B = -- ·tan i w + ·, 

2d ·. ' 

Define the 
screw jack 

Calculate the 
effort FE 

Calculate FE for 

load In kg 

d 

c 

L 

t 



Derive the formula to calculate the effort required for a simple screiV jack 

Since t he load on a screw jack is usually given as mass (m), the 
expression can be modified by substituting: 

So the applied effort on the lever arm is: 

Where: 

F - "'g D . tan (<I' + 9) e- 2d 

m = mass of load (kg) 

D = diameter of screw 

d = lever arm length (mm) 

q> = angle of f riction of screwthread 

9 = helix angle 

d 

Define the 
screw jack 

Calculate the Calculate FE for 

effort FE load In kg 

~ 

GIVE FEEDBACK 
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The applied effort on the lever arm to raise the load is: 

FE= mgD · Lan (<D + 8) 
2d 

Match the variables wjth their descriptions. 

I Drag statements on the right to match the left. 

Mass being raised c:-~ D 

Diameter of screw e 

Lever arm length cp 

Angle of friction of screw m 

Helrx angle of screw d 
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The applied effort on the lever arm to raise the load is: 

Fn = m g D · tan ( {!) + 6) 
2d 

Match the following changes and therr effect on the lever force FE~ 

I Drag statements on the right to match the left 

11---d---. 

Lever force will increase t::-::J Angle of friction <t> Is Increased 

Lever force will decrease Load m is increased 

Lever force will increase Lead Is decreased 

Lever force will decrease Lever arm dis increased 

Lever force will increase Screw dja meter D Is in creased 
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The applied effort on the f,ever a Jim to raise the load is: 

F:r = m g D · tan ( <D + 6) 
2d 

Match the variables with their units. 

I Drag statements on the right to match the left. 

c-:J D 

m m 

m 

degrees d 

degrees 
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Calculate the effort required to lift a specified mass with a simple screw jack--Example 1/2 

Example 

Determine the horizontal force F I! , perpendicular to the 500 mm long handle of a simple 

screw jack, necessary to start lifting a 500 kg load. The square-threaded screw has a 

lead of 7 mm and a mean diameter of 80 mm. The coefficient of static f riction for the 

screw is 0.15. 
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Calculate the effort required to lift a specified mass with a simple screw jack--Example 2/2 

Solution 

Angle of friction: Helix angle: Therefore, the effort required F ll at the end of the 
arm is: 

q> = tan _ , ~~ e =tan - 1....£.. 
= tan- 10.15 nD mgD . 

7 Fe= Zd tan (cp + 9 ) 
= 8.53 ° = tan - l 

rr X 80 500 kg X 9.81 N/kg X 0.08 m tan (
8
.5

3 
o + 

= 1.6 0 
= 1.6 0 2 x 0.5m 

= 70.1 N 
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A screw thread has a lead of 7 mm, a diameter of 35 mm and 
a coefficient of friction of 0.25. 1ftlle load is 600 kg and the 
lever arm is 500mm. what force (in N) Is needed to tum the 
screw? (Use at /east 1 decimal place. Include units.) 
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Click and type your answer here 

C1-IALLENGE SUBMIT 

Clear 

Clerlr l!r;e 

Undo 
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INSTRUCTIONS 

No lntem1edlate steps are required 
If you ChOCS$ to shOw steps, wrtte one on eaCh line. 
Write your flnal answer on the 1<1st nne. 
The computer will check all your work in detail \'ltlen you click 
"Submit' . 
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AAOIJior oppliCatlon 01 t1>1t lnollnod plo-0 WOdi!O­
It is ""''ly lull two lncloned ,._ beci<·ID--. 

.• .. 0•---- -= 

What is 1 Wi!dge7 

A wedge Is a piece of hard material wl\11 two principal faces meeting at a 

sharply acute angle . 
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Select all diagrams that are examples of a wedge. 
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Check a I that apply. 



Ignore the weight o"f the wedge. 
Assume the wood is tightly binding on the wedge (not split 
through) 
Find tl1e mlnium friction to keep the wedge from popping out 

Or, in terms of the angle of friction cp: 

Find tl1e minimum angle of friction to keep the wedge in place. 

Click the comet answer. 

It cannot be measured 
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Tilt appliu~Oft of wed'" 

Wedges are often used to make small 
adjustments to the position or heavy 
objects by applying a considerably 
smaller fon:e P to the wedge. 

Wedges are also used as mach1ne 
parts wherever small movements of a 
component in one directiOn IS 
associated with large forces m a 
perpendicular direction. 

Because wedges usually have a small 
angle they tend to be setf·locklng. In 
other words they will remain In place 
and not slip out under the loed. 
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Assume the force P is at the pojnt of impending motion. 

Select all correct statements below. 

Check aU that apply. 

D A higher mass increases the chance of the wedge slipping out 

0 A smaller mass will increase P 

O A higher coefficient of friction will Increase P 

D A smaller wedge angle e will reduce P 

p 

• 
r 

0 A smaller wedge angle e will reduce the chance of the wedge slipping out 

,~ 
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Wedges are often used to make small adjustments to the 
position of heavy objects. 

For the wedge arrangment sho\vn, assume typical value of 
friction and wedge angle. (i.e. friction is high enough to hold 
the wedge in place. but also low enough that inserting the 
wedge takes less force than the weight of the mass) 

~·lass 

Select the correct statements. 
_P -· I e-r-------.l.J_ 

Check an that apply. 

0 A small force P wi IJ generate a large force on the mass 

0 A large movement byforceP will generate a small movement of the mass 

0 A large force P will generate a small force on the mass 

0 A small movement by force P will generate a large movement of the mass 

0 The smaller the angle 9, the smaller the force P 



SoMng a yfedgo protoom IS oo dlffcrc:tnt lo solving an 
inclined pJane problem. We just need to be extra 
careful with the direction of friction. 

·• • o~------

n•e method of analysing friction forces on wedges 

As with all problems In statics, we must start with a free body diagram (FBD). 
There will usually be more than one FBD beause the wedge will move 
something. (See? That makes two bodies already!) 

Choose the starting body and draw the FBD. The starting body will usually 
have a force applied. 
Direction of friction reaction force. Be careful here. Friction always resists 
motion (or impending motion). Make sure you are thinking the FBD way­
show forces according to what they do TO THE BODY. 

• Draw the force triangle. Take the angles from the FBD and construct the 
force polygon (triangle). 

• Solve this triangle for the unl<nown lengths or angles (usually lengths, if we 
know friction). 

Use this infonnation to move to an adjacent body and repeat this process. 
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Arrange the following steps into the correct order for the solution of 
a wedge problem. 

Mas..'\ 

ll .... 1 

• 0 -
r 

1' + Place tflese in the proper order .. 

Look for a body wtth a known force and maximum two unknowns 

Solve the force triangle for the unknown lengths or angles (usually lengths, if we know 
friction) 

Get the angle of ffiiction reaction forcejs by checking impending motion. Show forces as 
what they do to the body 

Draw the force triangle. Take the angles from the FBD and construct the force polygon 
(triangle) 
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Calculate forces on a simplified wedge--Example 

The folloWing example Illustrates a method of solving problems involving wedges. 

Example 

A 200N block is raised by forcing a 15 o wedge under it as shown. The coefficient of static 

friction is 0.22 at all sliding contact surfaces. Determine the minimum value of force P P wto 

move the block upwards. 

There are two moving objects in this problem: the block and the wedge. Both require a FBD. 

GIVE FEEDBACK 

Define the 
wedge problem 

FBD of mass 
Direction of 

friction Force Polygon 

reaction~ Block A 

1 

Fp .. 

Force Polygon 
for Block B 

A 

200~ 
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Calculate forces on a simplified wedge--Example 

Solut ion 
We start with the object with known force, the weight F w of 200N. 

(!) = tan -• J.l 
A 

Define the 
wedge problem 

=tan ·•o.22 

= 12.4. 

FBD of mass 

200 1.'\ 

~ 
Fr4 
Free-body diagram of block 

1 

Direction of 
friction Force Polygon 

reaction~ Block A 

Force Polygon 
for Block B 



Calculate forces on a simplified wedge--Example 

Note carefully the directions of reaction forces at the surfaces subjected to friction. 

Friction force opposes the Impending motion of the block in relation to the contacting friction 

surface. When the block moves, it goes upwards relative to the wall, and to the right relative to 

the wedge. 

But the wall has no friction so this force is horizontal. The inclined surface does have friction 

which is applied at the angle of friction ct>. 
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Define the 
wedge problem 

T 

FBD of mass 
Direction of 

friction 
reactions 

Force Polygon 
for Block A 

1 

A 

2001\: 

~ 
Fr,{f 

Free-body diagram 

Force Polygon 
for Block B 
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Calculate forces on a simplified wedge--Example 

The friction reaction force Is Inclined at: 
90 - (() - 9 ~ 90- 12.4 - 15 = 62.6° 

We now know the angle of every force: 

F. - 200N027o• 
F, = ?kN06Z.~ 

F2 = ?kNOI80° 
This ara two unknowns. which is solvable. 
Draw the force triangle. 

T 

Define the 

1 

wedge problem 

1 
FBD of mass 

.\ 

'!{K) ~ 

~ 
F /.(+/ 

r I 

Direction of 
friction 

reactions 

Triangle of forces using CAD 

Force Polygon 
for Block A 

Force Polygon 
for Block B 



Calculate forces on a simplified wedge--Example 

Now draw FBD of the wedge. 

Force F., is now in reverse, or 180 + 62.6 = 242.6° 

So; 
F, = 225.6N@242.6° 

Fp =? kN@0° 

Fz = ? kN@90° 

Now, this force triangle Is Identical to the block except that the forces are in reverse. 
'00 SoFp = -

6 
= 103.7N 

tan 62. 

The force to push wedge is 103. 7N 
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Define the 
wedge problem 

T 

FBD of mass 
Direction of 

frict ion Force Polygon 

reaction~ Block A 

Triangle of forces In CAD 

Force Polygon 
for Block B 
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A wedge has an lncllned face at 15 o and Is used to 
mise the 200 N weight of block A. tr the coefficient of 
friction between the two blocks is 0 .25, what is the 
magnitude force Fp applied to block B? (lise at least 1 ( 
decimal place. Do not type un;ts.) 
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!="bel the diagram at left and the FBD of the block (right). 

a },. 

A 
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Fp 
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Calculate forces on a wedge using the sine rule method--Example 

The following example illustrates a method of solving problems involving 
wedges. You will recognise this method as a semigraphical approach. using 
the sine rule for solving the triangle of forces. 

Example 
A 3 tonne block is raised by forcing a 3 o wedge under it as shown. The 

coefficient of static friction is 0.27 at all surfaces in contact. Determine the 

minimum value of force F P which must be applied to the wedge to move the 

block upwards. 

There are two moving objects in this problem: the block and the wedge. Both 

require a FBD. 

Define the 
wedge problem 

FBD of mass 
Direction of 

friction 
Angles of Solve force 

forces in FBD triangle 
_t___:actions 

L 
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FBD of Wedge 
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Calculate forces on a wedge using the sine rule me1bod .. -Example 

Solution 
We start with the object with known force Fw (weight). 

3t 

Define the 
wedge problem 

Fw = mg 

= 3,000 kg X 9.81 N/kg 

= 29,430N 

FBD of mass 
Direction of 

friction 
reactions 

1 

1 

15.1. 

(a) 

(a} Free-body diagram 

Angles of forces 
In FBD 

SolVe force 
triangfe 

FBD of Wedge 
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Calcutate forces on a wedge using the sine mle method--Example 

Note carefully the directions of reaction forces at the 

surfaces subjected to friction. Friction force opposes the 
impending motion of t he block in relation to the 

contacting surfaces. When the block moves, it goes 

upwards relative to the wal l, and to the right* relative to 
the wedge . 

., In the horizontal direction the wedge fs the one that 

moves-to the left. But from the perspective of the block, 
we can treat the surface contact as if the wedge was 

stationary and the block moves forward. It Is the relatfve 

motion of the block against the wedge that matters, 
which Is from left to right. (a) 

15.1 ° 

15.1° 

Free-body diagram 

Define the 
D I rectfon of Angfes of forces Solve force 

FBDofmass frlctfon FBD of Wedge 
wedge problem In FBO triangle 

reactions 

_l 
~ - l 



Calculate forces on a wedge using the sine rule method-.. Exarnple 

Friction opposes motion, and this determines the 
direction of the resultant forces F1 and F2. These are 

pushing at the angle of friction: 

<p = tan - 1 fl 

= tan- 1 0.27 

= 15.1° 

We now know the angle of every force: 

Fw = 29.43 kN®2700 

FL = ?k:N@344.9° 

F, = ?kN@105.1° 
~ 

{a) 

The corresponding triangle of forces is then drawn as 
shown in Fig (b). 

GIVE FEEDBACK 

Define the 
wedge problem 

FBD of mass 
Dlrectfon of 

friction 
reactions 

15.1. 

(a) Free-body diagram 

Angles of forces 
In FBD 

Solve force 
triangle 

29.43 kN 

0 

105.1" 

(b) F1 

(b) Triangle of forces 

FBD of Wedge 



Calculate forces on a wedge using the sine rule method--Example 

We can now use the sine rule to solve for force F 2: 

= 
sin 59.8 • sin 105.1 • 

15,1' 

: .F2 = 32.88kN 

This is the force that the wedge applies to the block. 

(a) 

(a) Free-body diagram 

GIVE FEEDBACK 

Define the 
wedge problem 

r 

l 
FBD of mass 

Direction of 
friction 

_t___:actions 

Angles of 
forces in FBD 

Solve force 
t riangle 

29.43 kN 

9.8 ' 

(b) 

(b) Triangle of forces 

FBD of Wedge 



Calculate forces on a wedge using the sine rule method--Example 

Now we are ready to draw the FBD of the wedge. 

It has the equal and opposite reaction to force F2(= 32.88 kN), as well as 

the unknown reaction force F 3• Note very carefully the directions of these 

forces in relation to the wedge. 

The triangle of forces is drawn. Solving the triangle by the sine rule gives: 

Fp 
= - -'--:-

sin 71.9 • sin 33.2 • 

32.88 

:.Fp = 18.9kN 

The total force to insert the wedge is 18.9 kN. 

15.1° 

3' 

(a) 

(b) 

(a) Free-body diagram of the wedge (b) The triangle of forces 
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Define the 
wedge problem 

r 

l 
FBD of mass 

Direction of 
friction 

Angles of 
forces in FBD 

L 

Solve force 
triangle 

FBD ofWedge 
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\ (c) (d ) 

Which is the correct FBD for the 'C' wedge? 

Assume applied force P • 0, and the wedge is self-locking. 

Fig (a) 

Fig (b) 

Fig (C) 

Fig (d ) 

Click the correct answer. 
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(a) (h ) I 

I 
!:... c (;Or (c) 

- - 6"t I) .----

(d) 

' I 
W·hich is the correct FBD for the 'A' block? 
Assume the angle of friction for all sliding surfaces js (1> = 15°. 

Assume applied force P is on the verge of moving the wedge. 

Fig (a} 

Rg(c) 

Fig (b) 

Fig (d) 

Cliek the correct answer. 



F~:: 32.88 
t<N 

15 .1 . 

15.1 ~ 

Matc'h the following terms used in this FBD and force polygon. 

I' Drag statements on the 'right to mateh the left 

c-:J 18.939 kN 

a:-il Not available on this force polygon 

33.393 kN 

Friction component of F2 32.876 kN 

Friction component of F3 8.564 kN 
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(a) (h ) 
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Which is the correct FBD for the 'A' block? 
Assume zero friction on the wall, with the wedge contact surface with an angle of friction of 15°. 

Fig (d) 

Fig (c) 

Fig (a) 

F1g (b) 

Click the correct answer. 
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(c) (d) I 
Which is t he correct FBD for the 'C' wedge? 
Assume a coefficient of friction J.L = 0.268 (which is angle of f riction <D = 15°} 

Assume applied force is at the point of impending motion. 

Fig (a) 

Fig (d) 

Fig (C) 

Fig (b) 

Click the coiTect answer. 



F, 

(a) 

Match the following terms used In Lhls FBD and force polygon. 

f Drag statements on the rigbt to match the left 

32.88 kN 

8.56 kN 

C-:l 2.31 kN 

FrictJon component of F2 C-€l 8.87 kN 

Friction component of F1 29.43 kN 
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••••• 

··~·· ••• ••••• •••• ••••• ••• 

••••• ••••• ... ,,_ .... ,. ••••• ••••• 

...... ••••• ...... .... .,. ...... ...... 
••••• •••• ••••• •••• ••••• ... ,. 



1-1 L.:J !:..( (' !.... c 

, \ 
(a) ' (b ) 

!.... c 6'l --= t ......, iiil /) !:..{ (. .:J p { c l -

\ (c) (d ) 

Which is the correct FBD for the 'C' wedge? 

Assume zero friction on all sliding surfaces. 

Click the correct answer. 

Fig (a) 

Fig (b) 

Fig (C) 

Fig (d) 
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The wedge (2) is mounted underneath the block (1). Identify the appropriate 

diagrams where FBD = Free Body Diagram and FP = Force Polygon. 

FBDt 

15.1' 

15.1' 

29.43 kN 
F, 

9.8' 




