
Standard size of Rod/Shaft/Tube/Bolts 

Range of Size Increment steps 
0-10 1mm 

10-24 2mm 
24-45 3 mm 
45-100 5 mm 
>100 10 mm 

 

  



Design of Screw Jack 

Design 7: Design a screw jack to lift a load of W = 25/35/40/50 kN with load eccentricity of 
2 mm. The ultimate compressive strength in 35C8 material of the screw is 760 MPa. The 
allowable bearing pressure between screw and nut is 15 MPa. The coefficient of friction 
between nut and screw is 0.14 and for collar friction is 0.18. The ground clearance is 300 
mm. the Tommy bar is made up of 25C6 steel with UTS = 430 MPa. Nut is made up of gun 
metal having UTS = 210 MPa.  

 
Design Steps: 

1. Assume an initial FOS = 6-10 to find allowable compressive stress in the screw core 
section.  

𝜎௖ =
𝑈𝐶𝑆

𝐹𝑂𝑆
 

2. Core diameter (𝑑௖) will be calculated as  

𝑊 = 𝜎௖ .
𝜋

4
. 𝑑௖

ଶ ⟹ 𝑑௖  ?, 

Select suitable pitch, p = 5-12mm, to find 
nominal diameter (𝑑) 



𝑑 = 𝑑௖ +
௣

ଶ
+

௣

ଶ
= 𝑑௖ + 𝑝 ⟹ 𝑑? (std size) 

Mean diameter,  

𝑑௠ =
𝑑 + 𝑑௖

2
 

3. Helix angle, 

𝛼 = tanିଵ ൬
𝑝

𝜋𝑑௠
൰ 

Check that 𝛼 = 4° 𝑡𝑜 7°. If not, change p and find 𝑑௠ again. 
4. Friction angle 

𝜙 = tanିଵ 𝜇௧ 
For irreversibility,  

𝛼 < 𝜙 
For self locking, 

𝜂 < 50% 

𝑤ℎ𝑒𝑟𝑒, 𝜂 =
tan 𝛼

tan(𝛼 + 𝜙)
 

Otherwise change p and reiterate. 
5. Torque required to lift the load in N-mm, 

𝑇ଵ = 𝑊.
𝑑௠

2
tan(𝛼 + 𝜙) 

6. For nut, from bearing considerations 

𝑊 = 𝑝௕ . 𝑛.
𝜋

4
. (𝑑ଶ − 𝑑௖

ଶ) ⟹ 𝑛𝑜. 𝑜𝑓 𝑡ℎ𝑟𝑒𝑎𝑑𝑠, 𝑛? 

Length of nut, 𝑙 = 𝑛𝑝 
Check that 𝑑 ≤ 𝑙 ≤ 2𝑑 or revise 𝑛 

7. Stresses in the screw 
a. Compressive stress due to load W 

𝜎௖ଵ
=

𝑊
𝜋
4

. 𝑑௖
ଶ
 

b. Bending stress due to load eccentricity 

𝜎௖ଶ
=

𝑊. 𝑒
𝜋

32
. 𝑑௖

ଷ
 

Total compressive stress, 𝜎௖ = 𝜎௖ଵ
+ 𝜎௖ଶ

 

c. Torsional shear stress due to torque T1 

𝜏ଵ =
16𝑇ଵ

𝜋𝑑௖
ଷ  

d. Direct shear stress due to load W 



𝜏ଶ =
𝑊

𝜋𝑑௖ .
𝑝
2

. 𝑛
 

Total compressive stress, 𝜏 = 𝜏ଵ+ 𝜏ଶ 
8. Principal stress induced in the screw 

𝜎௣ =
1

2
ቂ𝜎௖ + ඥ𝜎௖

ଶ + 4𝜏ଶቃ 

𝐹𝑖𝑛𝑎𝑙 𝐹𝑂𝑆 =
(𝑈𝐶𝑆)௦௖௥௘௪

𝜎௣
 

Check that  
3.8 ≤ 𝐹𝑂𝑆 ≤ 4.2 

Else go to step 1and choose another initial FOS and reiterate steps from 1-7. 
 

9. Nut Dimension 
Length of collar of nut, 𝑙ଵ = 10-12 mm 
Length of nut, 𝑙 = 𝑙ଵ + 𝑙ଶ 
Outside diameter of nut, 𝑑ଵ = 1.75𝑑 𝑡𝑜 2.0𝑑 = 2𝑑 
Diameter of collar of nut, 𝑑ଶ = 1.5𝑑ଵ𝑡𝑜 2.0 𝑑ଵ 
Take FOS = 2.5-3.0 

𝜎௧௔ =
𝑈𝑇𝑆 𝑜𝑓 𝑛𝑢𝑡 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙

𝐹𝑂𝑆
 

 
𝜎௖௔ = 1.6𝜎௧  

and, 𝜏௔ = 0.8 𝜎௧ 
 
Initial stresses in nut, 

Tensile stress,  

𝜎௧ =
𝑊

𝜋
4

(𝑑ଵ
ଶ − 𝑑ଶ)

< (𝜎௧௔)௡௨௧ 

Compressive stress,  

𝜎௖ =
𝑊

𝜋
4

(𝑑ଶ
ଶ − 𝑑ଵ

ଶ)
< (𝜎௖௔)௡௨௧ 

Shear stress,  

𝜏 =
𝑊

𝜋𝑑ଵ𝑙ଵ
< (𝜏௔)௡௨௧ 

 
 
 



10. Tommy Bar 
 
Take FOS ≤ 2.5, say 2.0 

𝜎௧௔ =
𝑈𝑇𝑆 𝑜𝑓 𝑇𝑜𝑚𝑚𝑦 𝐵𝑎𝑟 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙

𝐹𝑂𝑆
 

Inner diameter of screw collar, 𝑑௜ ≥ 20 
Outer diameter of screw collar, 𝑑௛ = 2𝑑 
Collar friction torque will be,  

𝑇ଶ = 𝜇௖𝑊
1

3
ቈ
𝑑௛

ଷ − 𝑑௜
ଷ

𝑑௛
ଶ − 𝑑௜

ଶ቉ 

Total torque will be,  
𝑇 = 𝑇ଵ + 𝑇ଶ           𝑁𝑚𝑚 

Assuming that one person can apply a force of 300 N to 400 N, 
𝑇 = 𝑁(350)𝑙௧௕    𝑁𝑚𝑚 

Let, N be the number of persons, = 1,2,3……… 
Check that             𝑙௧௕ < 1000 𝑚𝑚 
Actual length of Tommy bar, 𝐿௧௕ = 𝑙௧௕ + 100  𝑚𝑚 
Bending stress in Tommy Bar,  

𝜎௕ =
𝑀

𝑧
=

𝑁. 350. (𝑙௧௕ − 𝑑)
𝜋
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𝑑௧௕

ଷ
≤ 𝜎௧௔ ⟹ 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑡𝑜𝑚𝑚𝑦 𝑏𝑎𝑟, 𝑑௧௕? (𝑠𝑡𝑑 𝑠𝑖𝑧𝑒) 

 
Height of the head, ℎ௛ = 2𝑑௧௕ 
Height of cup, ℎ௖ ≥ 30 𝑚𝑚 
 

11. Ground Clearance (G.C.) 

G. C. = ℎ௖ + ℎ௛ +
𝑝

2
+ 𝑙 + 𝑙𝑖𝑓𝑡 + (10 𝑡𝑜 15)𝑚𝑚 

From above, lift will be calculated as, 

lift = 𝐺. 𝐶. − ቂℎ௖ + ℎ௛ +
𝑝

2
+ 𝑙 + (10 𝑡𝑜 15)𝑚𝑚ቃ  

12. Buckling check of screw 

Length of screw above nut, 𝑙ᇱ = 𝑙𝑖𝑓𝑡 +
௣

ଶ
+ ℎ௖ + ℎ௛= Buckling Length 

Effective length (for one end fixed and other end free) will be, 𝑙௘௙௙ = 2𝑙ᇱ 

Radius of gyration,  

𝑘 = ඨ
𝐼

𝐴
=

𝑑௖

4
 

Where, 𝐼 =
గ

଺ସ
𝑑௖

ସ and 𝐴 =
గ

ସ
𝑑௖

ଶ 



By Rankine-Gordon formula, 

𝑃௖௥ =
𝜎௖ . 𝐴

1 + 𝑎 ൬
𝑙௘௙௙

𝑘 ൰
ଶ 

𝑤ℎ𝑒𝑟𝑒, 𝑎 =
1

12500
𝑎𝑛𝑑 𝜎௖ = 410 𝑀𝑃𝑎 

Check that for safety in buckling, 
𝑃௖௥ ≥ (2𝑊 𝑡𝑜 3𝑊) 

Other dimensions, 
𝑑ଷ = (1.5 𝑡𝑜 2.0)𝑑ଶ 

𝑑ସ = 1.25 𝑑ଷ 
𝑑ହ = 1.5 𝑑ଷ 

𝐶𝑜𝑣𝑒𝑟 𝑃𝑙𝑎𝑡𝑒 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 = 2 − 3 𝑚𝑚 
 

VIVA QUESTIONS 
 

1. Name all the stresses induced in the screw of a screw jack? 
2. Why is the lever of a screw jack designed as the weakest part? 
3. Why is the lead angle of screw jack restricted between 4° - 7°? 
4. Why is nut made up of softer material and why is it made separate from body of screw 

jack? 


