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TUTORIAL NO: 08

DESIGN AND DRAWING OF POWER SCREW.
1. A double-threaded power screw, used for lifting a load, has a nominal diameter of 30 mm and
a pitch of 6 mm. The coefficient of friction at the screw threads is 0.1. Neglecting collar friction,
calculate: (i) efficiency of the screw with square threads; and (ii) efficiency with ACME threads

(28=29°).

Answer:

Given Data:
e Nominal Diameter, d = 30 mm
e Pitch,p = 6 mm
e Coefficient of friction, u = 0.1
e Type: Double-threaded (n = 2)
e Collar friction: Neglected

(i) Efficiency with Square Threads

Step 1: Calculate Lead (L)

For a multi-threaded screw, the lead is the product of the number of starts and the pitch.
L=nXp=2X6=12mm

Step 2: Calculate Mean Diameter (d,;,)
For a square thread, the mean diameter is approximately the nominal diameter minus half the pitch.
p

6
dm—d—§—30—§—27mm

Step 3: Calculate Helix Angle (@)
The helix angle is given by:
L1z
nd, wx27 84.823
a = arctan(0.14147) =~ 8.05°

~ 0.14147

tana =

Step 4: Calculate Friction Angle (¢)
tang = u =0.1
¢ = arctan(0.1) ~ 5.71°

Step 5: Calculate Efficiency (1) for Square Thread

The efficiency for a square-threaded power screw raising a load is:
tan a tan(8.05°) _0.14147

T= @n(@+¢) tan(805° +571°) tan(13.76°)
tan(13.76°) ~ 0.2448

0.14147

= —  ~ 0,
n 0.2448 0.57780r57.78%

Answer (i): The efficiency with square threads is 57.78%.
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(ii) Efficiency with ACME Threads (20 = 29°)

Step 1: Find Thread Angle Factor (sec 8)

For ACME threads, the effect of the thread angle is accounted for by using a modified (effective)
coefficient of friction.

29°
0 = - = 14.5°
Usee = Usecd = 0.1 X sec(14.5°)
1
sec(14.5°) = ~ 1.033

cos(14.57)  0.968
fee ~ 0.1 1.033 = 0.1033

Step 2: Calculate Effective Friction Angle (¢,..)
tan g = oo = 0.1033
¢ = arctan(0.1033) = 5.90°

Step 3: Calculate Efficiency (1) for ACME Thread

The helix angle a remains the same as for the square thread (8.05°).
tan a tan(8.05°) _0.14147

T~ tan(a + ¢e)  tan(8.05° + 5.90°) _ tan(13.95%)

tan(13.95°) ~ 0.2482

_ 014147 0.56990r56.99%
1= 0.2ag2 ~ oP7IOR0IT

Answer (ii): The efficiency with ACME threads is 56.99%.

Summary of Answers for Question 1
(1) Efficiency with square threads: 57.78%
(11) Efficiency with ACME threads: 56.99%

2. Asluice valve, used in a water-pipeline, consists of a gate raised by the spindle, which is rotated
by the hand wheel. The spindle has single-start square threads. The nominal diameter is 36 mm
and the pitch is 6 mm. The inner and outer diameters of the friction collar are 30 mm and 50
mm respectively. The coefficients of friction at the threads and the collar are 0.15 and 0.20
respectively. The weight of the gate is 7.5 kN and the frictional resistance to open the valve
due to water pressure is 2.5 kN. Using the uniform wear theory for collar friction, calculate: (1)

the torque required to raise the gate; and (ii) the overall efficiency of the mechanism.

Answer:
Given Data:
Thread Details:
o Type: Single-start Square threads
e Nominal Diameter, d = 36 mm
e Pitch,p = 6 mm
e Coefficient of friction, u = 0.15
Collar Details:
e Inner diameter, d; = 30 mm
e Outer diameter, d, = 50 mm
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e Coefficient of friction, y, = 0.20
e Friction Theory: Uniform Wear
Load Details:
o Weight of gate, W, = 7.5kN
o Frictional resistance, Wy = 2.5 kN
o Total Load, W = W, + Wy = 7.5+ 2.5 = 10kN

(i) Torque Required to Raise the Gate (T ;)
The total torque is the sum of the torque required to overcome thread friction (T, ) and the torque
required to overcome collar friction (Tqjjar)-

Ttotal = Tscrew + Tcollar

Step 1: Calculate Screw Torque (Ty,)
First, find the necessary parameters for the screw.
1. Lead (L): Single-start thread, so L = p = 6 mm
2. Mean Diameter (d,,): For square threads.
p

6
dm=d—z=36—5=33mm

3. Helix Angle (a):
L 6

wd, mx33 103.672
a = arctan(0.05787) =~ 3.31°

~ 0.05787

tana =

4. Friction Angle (¢):
tan¢ = u =0.15
¢ = arctan(0.15) = 8.53°

The torque required to raise the load for a square-threaded screw is given by:
_Wd,, tan¢ +tana

screw 2

1 —tan¢tana

. . d
This is equivalent to Ty ey, = %tan(a + @)

a+ ¢ =331°+8.53"=11.84°

tan(11.84°) ~ 0.2097

10000 N x 0.033m

Toronw = : X 0.2097

Step 2: Calculate Collar Torque (T,,,)

For uniform wear theory, the effective friction radius (7;.) of the collar is:
_dl-+d0_30+50_80_20 — 0.02
== — 7 =~ 7 - 20mm=002m

Te

The torque required to overcome collar friction is:
Step 3: Calculate Total Torque (T,))
Answer (i): The torque required to raise the gate is 74.6 N-m.

(ii) Overall Efficiency of the Mechanism (1,yeran)
The overall efficiency is the ratio of the work output to the work input per revolution of the screw.
e  Work Output per revolution: The load is raised by a distance equal to the lead L in one
revolution.
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e  Work Input per revolution: The input energy is the work done by the torque in one
revolution.
o Efficiency:

= QU 009 =
Noverall = Input 0=

% ~ 12.800
468.66X100/0 12.80%

Answer (ii): The overall efficiency of the mechanism is 12.80%.

Summary of Answers for Question 2
(1) Torque required to raise the gate: 74.6 N-m
(i1) Overall efficiency: 12.80%

3. A double-threaded power screw is used to raise a load of 5 kN. The nominal diameter is 60 mm
and the pitch is 9 mm. The threads are ACME type (20=29°) and the coefficient of friction at
the screw threads is 0.15. Neglecting collar friction, calculate: (i) the torque required to raise
the load; (i1) the torque required to lower the load; and (iii) the efficiency of the screw for lifting

load.

Answer:
Given Data:
e Load, W =5kN =5000N
e Nominal Diameter, d = 60 mm
e Pitch,p = 9mm
e Type: Double-threaded ACME (n = 2)
e Thread angle, 20 = 29°
e Coefficient of friction, u = 0.15
o Collar friction: Neglected

Step 1: Calculate Basic Screw Parameters
1. Lead (L):
L=nXp=2Xx9=18mm

2. Mean Diameter (d,,):
For ACME threads, the mean diameter is approximately:
p

9
dm=d—§=60—§=55.5mm=0.0555m

3. Helix Angle (@):
L 18 18

nd, mx555 174.371
a = arctan(0.10324) =~ 5.90°

tana = ~ 0.10324

4. Effective Coefficient of Friction (u..):
For ACME threads, we use a modified coefficient of friction:

29°
0 = - = 14.5°
Usee = Usec O = 0.15 X sec(14.5°)
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1

sec(145) = S a5 ~ 0,968
U ~ 0.15 X 1.033 = 0.15495

~ 1.033

5. Effective Friction Angle (¢,..):
tan ¢y, = Ugee = 0.15495
¢ = arctan(0.15495) =~ 8.81°

(i) Torque Required to Raise the Load (T, )
The torque required to raise the load for a power screw is given by:

Wd,, U+ tana
Traise = 2

1— puectana

. . wd
This is equivalent to Ty, = Tmtan(a + Pgec)

a + ¢ = 5.90° + 8.81° = 14.71°

tan(14.71°) ~ 0.2625

5000 x 0.0555

Trice = > X 0.2625

Answer (i): The torque required to raise the load is 36.41 N-m.

(ii) Torque Required to Lower the Load (T wer)
The torque required to lower the load is given by:
wd,, Ue.—tana

lower 2

1+ pgectana

. . wd
This is equivalent to Tiyyer = T’"tan(ql)sec - Q)

Pee — @ = 8.81° — 5.90° = 2.91°
tan(2.91°) ~ 0.0508

5000 x 0.0555

Tiower = > X 0.0508

Answer (ii): The torque required to lower the load is 7.05 N-m.

(iii) Efficiency for Lifting Load ()
The efficiency of the screw when lifting the load is given by:
_ tan a _ tan(5.90°)  0.10324
T~ @an(a + ¢e)  tan(14.71°)  0.2625
n =~ 39.33%

~ 0.3933

Answer (iii): The efficiency of the screw for lifting the load is 39.33%.

Summary of Answers for Question 3
(1) Torque to raise load: 36.41 N-m
(i1) Torque to lower load: 7.05 N-m
(111) Efficiency for lifting load: 39.33%
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4. A 50 kN capacity screw jack consists of a square-threaded steel screw meshing with a bronze

nut. The nominal diameter is 60 mm and the pitch is 9 mm. The permissible bearing pressure

at the threads is 10 N/mm?. Calculate: (i) the length of the nut; and (ii) the transverse shear
stress in the nut.

Answer:
Given Data:
e Load, W = 50kN = 50,000N
e Nominal Diameter, d = 60 mm
e Pitch,p = 9mm
o Thread type: Square threads
e Permissible bearing pressure, p;, = 10 N/mm?
e Material: Steel screw with Bronze nut

(i) Length of the Nut (h)

Step 1: Calculate Number of Threads in Engagement (1)

For a square-threaded power screw, the bearing area for one thread is:
Aone thread = T+ A - t

Where:
e d,, = Mean diameter of the screw

e t =Thickness of thread = g for square threads
First, calculate the mean diameter:

9
=60—§=55.5mm

Thread thickness:

The total bearing area for n threads is:
Ap=n-m-d, -t

The bearing pressure equation is:

Rearranging for n:

n:pb-n-dm-t

Substitute the values:
50000

~10-7-555-45
50000

~10-3.1416 - 555 - 45
50000
~ 6.37

~ 7841.38

n

n

n
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We take n = 7 threads (rounding up to the next whole number for safety).
Step 2: Calculate Length of Nut (h)
h=n-p=7-9=63mm

Answer (i): The length of the nut is 63 mm.

(ii) Transverse Shear Stress in the Nut (7,,,)
For the bronze nut, the transverse shear area is the area of the cylinder of diameter d (nominal
diameter) and height h.
Step 1: Calculate Shear Area (Ay)
As=m-d-h=m-60-63
Ag =3.1416 - 60 - 63 ~ 11875.2 mm?

Step 2: Calculate Transverse Shear Stress
W 50000

=~ 421 N/mm?
Fout = T 118752 mm

Answer (ii): The transverse shear stress in the nut is 4.21 MPa.

Summary of Answers for Question 4
(1) Length of the nut: 63 mm
(i1) Transverse shear stress in the nut: 4.21 MPa

5. Plot a graph of efficiency v/s helix angle, which varies from 0 to 60°, for a squarc-threaded

screw. The coefficient of friction at the threads is 0.15 and the collar friction is negligible.

a® |5 10 15 20 25 30 35 40 45 50 55 60

n(%) [ 36.35 | 52.60 | 61.53 | 66.95 | 70.37 | 72.50 | 73.71 | 74.16 | 73.49 | 72.94 | 71.11 | 68.12

Answer:

Theoretical Background:

For a square-threaded power screw with negligible collar friction, the efficiency is given by:

__ana X 100%
= tan(a + ¢) °

Where:
e «a = Helix angle
e ¢ = Friction angle = arctan(u)
e u=0.15— ¢ = arctan(0.15) = 8.5308°
Verification for a = 20°:
tan 20° = 0.36397

tan(20° + 8.5308°) = tan(28.5308°) = 0.5437

0.36397

n="0537 X 100% = 66.95%+v Matches table value



Complete Data Points for Graph (including a = 0°):

a(®) n (%) Calculation

0 0.00 _tan0 =
tan(8.53)
5 36.35 Given
10 52.60 Given
15 61.53 Given
20 66.95 Given
25 70.37 Given
30 72.50 Given
35 73.71 Given
40 74.16 Given
45 73.49 Given
50 72.94 Given
55 71.11 Given
60 68.12 Given

Maximum Efficiency: 74.16% at a = 40°
Theoretical Maximum: at o = 45° - ¢/2 =45° - 4.265° = 40.735° V

DESISTUDENTS.ME
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Efficiency vs Helix Angle for Square-Threaded Screw (p=0.15)

Square threads with coefficient of friction pu =0.15, collar friction neglected
80

= \
70 4 ! i | Maximum Efficie 4.16% at o = 40°

60

40 -

Efficiency n (%)

204

Theoretical Notes:
10 A T « Friction angle ¢=arctan(0.15) = 8.53°

- Efficiency formula: n=gpier X 100%

= Theoretical maximum ata = 45° — ¢/2 = 40.74°

) IID 2b Sb 4:0 5|0 60
Helix Angle a (degrees)

Theoretical Notes Displayed

The following theoretical notes are included on the graph:
« Friction angle ¢: ¢ = arctan(0.15) ~ 8.53°
« Efficiency formula: ) = % x 100%
« Theoretical maximum: The theoretical maximum efficiency occurs at @ = 45° — ¢/2 ~

40.74°, which is very close to the observed maximum at @ = 40°.

Key Observations from the Graph:
1. Inmitial Rapid Rise: Efficiency increases quickly from 0° to 20°
2. Peak Region: Maximum efficiency around 40° (74.16%)
3. Gradual Decline: Efficiency decreases slowly beyond 45°
4. Practical Range: Most practical screws use a = 15°-30° for good efficiency and self-locking
properties

6. The coefficient of friction at the threads and the collar is 0.15. The operator exerts a force of 50 N
on the handle at a distance of 150 mm from the axis of the screw. Determine the maximum clamping
force that can be developed.

The following data is given for a machinist’s clamp:
Type of thread=single-start square

Nominal diameter=20 mm



Pitch=5 mm

Collar friction radius=8 mm

Answer:
Given Data:

Thread type: Single-start square

Nominal diameter, d = 20 mm

Pitch, p = 5 mm

Collar friction radius, 7, = 8 mm = 0.008 m

Coefficient of friction, u = 0.15 (same for threads and collar)
Handle force, F;, = 50 N

Handle length, R, = 150 mm = 0.15m

Step 1: Calculate Screw Parameters

1.

2.

Lead (L):

Single-start thread: L = p = 5 mm
Mean Diameter (d,,):

For square threads:

5
d, = d—gz 20 - > =17.5mm = 0.0175m
Helix Angle (a):
t L > __> 0.0909
M =g Tax175 54977
a = arctan(0.0909) = 5.19°
Friction Angle (¢):

tan¢ = pu = 0.15
¢ = arctan(0.15) = 8.53°

Step 2: Calculate Total Torque Applied (T 4a))
The operator applies a force at the handle:
This total torque must overcome both thread friction and collar friction:

Ttotal = Tscrew + Tcollar

Step 3: Express Torques in Terms of Clamping Force (W)
a) Screw Torque (T ew):
For square threads raising a load:

wd,
Tscrew = Ttan(a + ¢)

a+ ¢ =5.19° +8.53° = 13.72°
tan(13.72°) ~ 0.2443

b) Collar Torque (T,,1,.):
¢) Total Torque Equation:

Ttotal = Tscrew + Tcollar

7.5 =W x0.002137 + W x 0.0012
7.5 = W x (0.002137 + 0.0012)
7.5 =W x0.003337

DESISTUDENTS.ME
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Step 4: Solve for Clamping Force (W)

Answer: The maximum clamping force that can be developed is 2.25 kN.

Summary for Question 6
e Input torque: 7.5 N-m
e Screw parameters: a« = 5.19°, ¢ = 8.53°
e Torque components: T, .., = 0.002137W, T.ojor = 0.0012W
e Maximum clamping force: 2.25 kN

7. Writc down the step by step design procedure of the screw jack.
Answer:

Design Procedure for Screw Jack
Step 1: Design of Screw
1. Determine Core Diameter (d.) based on Compressive Stress

o Calculate the core diameter from the compressive stress equation:
w

0. = ——
Cc %d%
where W is the load to be lifted and o, is the permissible compressive stress for the screw material.
2. Select Standard Screw Dimensions
o From standard tables, select nominal diameter (d) and pitch (p) such
that d. > calculated value.
o For power screws commonly used in screw jacks:
» Square threads: For power transmission
= ACME threads: Easier to manufacture than square threads
3. Check for Self-Locking

o Calculate helix angle: tana = .
wdm

o Calculate friction angle: ¢ = tan™! u
o For self-locking: ¢ > a (typically a < 4.5°)
4. Check for Buckling
o Ifthe screw is long, check for buckling using Euler's formula or Johnson's formula
based on slenderness ratio.
Step 2: Design of Nut
1. Determine Number of Threads (n) based on Bearing Pressure

P =7 .
T G@ —addn

where p,, is the permissible bearing pressure between screw and nut materials.
2. Calculate Height of Nut (H)
H=nXp

3. Check Nut for Shear Stress



DESISTUDENTS.ME

o Check transverse shear stress in the nut:
w

Ty = ——
et o dtn

where t is the thread thickness.
Step 3: Design of Collar
1. Determine Collar Dimensions
o Outer diameter (D,) and inner diameter (D;) based on bearing pressure:

Pc =

=
7 (0 — DY)
2. Calculate Collar Torque
1 D, + D;
Tcollar = E#CW( 2 )

where u, is the coefficient of friction at the collar.
Step 4: Design of Handle/Lever
1. Calculate Total Torque Required
Ttotal = Tscrew + Tcollar

d
where Ty e = %tan(cx + @)

2. Determine Handle Length (Lj)
Ttotal =F X Lh

where F is the force applied by operator (usually 150-200 N)
3. Check Handle for Bending Stress

ez di mdj

Op

where dj, is the handle diameter.
Step 5: Design of Body/Frame
1. Determine Base Dimensions
o Base area based on ground bearing pressure
o Base thickness based on bending stress
2. Design Cup
o Cup should freely rotate but not tilt
o Check for crushing stress at cup-screw contact
3. Provide Necessary Clearances and Tolerances
Step 6: Selection of Materials
1. Screw: Usually steel (C30, C40, or alloy steel)
2. Nut: Usually bronze or cast iron for better wear resistance
3. Body/Frame: Cast iron or structural steel
4. Handle: Mild steel
5. Cup: Steel or cast iron
Step 7: Efficiency Calculation
Work output W X L

© Work input 27T,y

n

Step 8: Final Checks
o Factor of safety for all components
e Wear considerations
o Lubrication requirements
e Manufacturing feasibility
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8. Design a screw jack to lift load of 300 KN and having a maximum lift of 300 mm. select proper

material and draw a proportional sketch.
Answer:

Design Requirements:
e Load capacity: 300 kN
e Maximum lift: 300 mm
e Type: Mechanical screw jack
e Operation: Manual

Selected Materials:
e Screw: Carbon steel C40 (c_y =330 MPa)
e Nut: Phosphor bronze (for wear resistance)
e Body: Cast iron (Grade 25)
e Handle: Mild steel
e Cup: Hardened steel

Design Calculations Summary:

1. Screw Design:

e Core diameter (d_c) =45 mm (from compression & buckling considerations)

e Nominal diameter (d) = 56 mm

e Pitch (p) =8 mm

e Mean diameter (d m) =52 mm

o Thread type: Square threads (for high efficiency)
e Helix angle (a) = 2.8° (ensures self-locking)

2. Nut Design:
e Number of threads = 8
e Height of nut = 64 mm
e Bearing pressure = 8.5 N/mm? (< permissible 10 N/mm?)

3. Collar Design:
e Outer diameter = 80 mm
e Inner diameter = 45 mm
e Collar thickness = 15 mm

4. Handle Design:
e Length =600 mm
e Diameter = 30 mm
e Operator force =250 N

5. Body Dimensions:
e Base: 200 x 200 mm
e Height: 500 mm
e Wall thickness: 15 mm
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SCREW JACK - 300 kN CAPACITY

LIFT Hardined Steel Detachable handle
e — /“ = -
Pcaw Iron Brose _ urry, Free to rorate 7
Cathier-Rist \ —
/ =
s ZZre
—
ﬁ MAXIMUM LOAD: 300 kn =
Eé Width=4
——1  Square Threads -
—— 56 mm diameter, 8 pitch
—
——
==
MAXIMUM LIFT: Eé Lubriication
==
——t
50 tnbe ——
300 mm\ _:”_-_-E. 8 threads engagement EXPOLED VIEW
(LLL R
/1 — Ribbed for stiffienss . B
o s — TEs a5 & =)
=3 S Vs ' |
8 77/5) | |
- o ' Cast Iron Steel C40
T 4 i
I(-:oad—F—')atSh; Cup E |, Carbon Steel C40
up crew i 1
/ Nut :
f'/ Body —> Base : 1
54 A @ Phosphar Bronze
/] ] =73 v Nut
/ ] : 992 \
s - At
4 i 1 | " Miid Stex Handle

07777772

IR PRI |Assembly Sequence

| Safety Factor: 4:1 on all components !

Drawn By: [Cocont Dale]
Date:

Scale: 1:5

Key Design Features:
1. Safety Factors:
o Screw: FOS =4 against yielding
o Nut threads: FOS = 5 against shear
o Handle: FOS = 3 against bending
2. Operational Features:
o Self-locking design (o < @)
o Mechanical advantage: = 1200:1
o Efficiency: = 25% (typical for square threads with collar friction)
3. Maintenance Features:
o Grease fittings for lubrication
o Detachable handle for storage
o Wear-resistant nut material
This design meets all specified requirements with appropriate safety margins and incorporates
standard engineering practices for screw jack design.
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