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I. Introduction	
This note describes the calculations of axial loading configuration of the 

MQXFA1 axial rods and bullets under the nominal total longitudinal Lorentz force of 
1.37 MN (308,000 lbs) at 140 T/m. The axial rods are made of 316L stainless steel, and 
the bullets are made of Nitronic 50, with thread sizes of 1-1/4”-12 and M16-2.0, 
respectively. Each axial rod is assembled through the endplate and bolted with two nuts; 
each fully threaded bullet is bolted into the endplate. See Figure 1. 

  

 
Fig. 1 Endplate assembly and the thread relief dimension on the rod (rod drawing see 

Appendix I) 
 
The axial rods and two Nitronic 50 end plates provide a longitudinal force that 

counteracts the axial Lorentz forces from the coils. As a precedent, the axial preload of 
MQXFS3b (short model, tested at CERN) was set to 1.24 MN (278,000 lbs) at 4.2 K, and 
this note presents a calculation of the maximum force that can be applied in MQXFA1 
structure configuration with these materials based on their properties. Though the axial 
rods are in tension and the bullets are in compression, there are no differences for thread 
strength verifications.   

The yield stress of axial rod is 289 MPa (42,000 psi) at room temperature 
(material certification shown in Appendix II) and it increases to 930 MPa (135,000 psi, 
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literature) at 4.2 K. The yield stress of Nitronic 50 is 555 MPa (80,500 psi) at room 
temperature (material certs shown in Appendix III), and 1240 MPa (180,000 psi, 
literature) at 4.2 K. The modulus of materials is shown in Table I. 

 
Table I. Mechanical properties of 316L and Nitronic 50. 

 Rod thread (316L) Bullet (Nitronic 50) 
RT 4.2 K RT 4.2K 

Modulus (GPa/ksi) 193/28,000 210/30,4000 210/30,400 225/32,600 
Yield Stress (MPa/ksi) 289/42 930/135 555/80.5 1240/180 
Thermal shrinkage rate (1/K) 9.83E-6 9.00E-6 
 

II. Tensile Areas of the Threads 
The tensile rating for thread connection is the maximum value of axial tension 

that can be applied on the rods without the material yielding. It can be determined by the 
yield strength and the tensile area (the expressions in this note are using Imperial units) 
[1]: 

The tensile-stress area of the thread (Rods) 

𝐴" =
𝜋
4 ∗ (𝐷 −

0.9743
𝑛 )1 

The tensile-stress area is calculated by the expression above when the ultimate tensile 
strength is less than 689MPa (100,000 psi).  
 

D = the basic major diameter of the thread in inch.   
n = the number of thread per inch. 
 
However, because of the smaller 1.12” thread relief diameter on each end of the 

rod, the tensile stress area of rod is actually limited by that dimension: 
 

𝐴" = 0.985	𝑖𝑛1 

III. Shear Area of the Threads 
An important fundamental of threaded structure design is that the bolt or screw 

will break before the threads strip. To quantify the failure mode, the following facts are 
needed: 

 
(1) The length of engagement of mating threads: 

𝐿7 =
2 ∙ 𝐴"

𝐷:_<=> ∙ 𝜋 ∙ [1 2A + 0.57735 ∙ 𝑛 ∙ C𝐷1DEFG𝐷:_<=>H]
 

 
Where: 

D3_max = the maximum minor diameter of internal thread (hole) in inch.  
                                                
[1]Mechanical Fasteners – Tensile and Shear Stress Areas, Lecture 28. University of Tennessee, 
http://www.lhe.no/Files/Bolts%20theory.pdf 
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D2_min = the minimum pitch diameter of external thread (rod) in inch. 
 
The length of engagement of mating threads should be sufficient to carry the full 

load necessary to break the screw without the threads stripping. The factor of two (2) 
means that it is assumed that the area of the screw in shear must be twice the tensile-
stress area to attain the full strength of the screw (this value is slightly larger than 
required and thus provides a small factor of safety against stripping). 

 
(2) The shear area of external thread (bolt): 

𝐴J_7> = 𝜋 ∙ 𝑛 ∙ 𝐿7 ∙ 𝐷:_<=>[
1
2𝑛 + 0.57735(𝐷1_<KL − 𝐷:_<=>)] 

(3) The shear area of the internal thread (hole): 
  𝐴J_KL = 𝜋 ∙ 𝑛 ∙ 𝐿7 ∙ 𝐷J_<KL[

M
1L
+ 0.57735(𝐷J_<KL − 𝐷1_<=>)] 

 Where: 
    D2_max = maximum pitch diameter of internal thread. 

         Ds_max = maximum major diameter of external thread. 
    Ds_min = minimum major diameter of external thread. 

IV. Results 	
The parameters of the thread calculations are shown inTable II, and the results are 

tabulated in Table III.  Minimum thread engagement of the axial rods must be greater 
than 19.812 mm (0.78”), and the minimum thread engagement of the bullets must be 
greater than 10 mm. 

Table II. Basic parameters of the rod thread and bullet thread 
 

Parameters  Rod thread  Bullet thread 
Type 1-1/4”-12 M16-2.0 
D 1.25 in 16mm 
D3_max 1.1490 in 14.21 mm 
D2_min 1.1879 in 14.50 mm 
D2_max 1.1941 in 14.91 mm 
Ds_min 1.2368 in 15.68 mm 
Ds_max 1.2482 in 15.96 mm 
n 12 / in 12/ in 

 
Table III. The calculated results: 

 Rod thread  Bullet 
Required engagement length (Le) 0.78 inch 10 mm 
Tensile area  (At) 0.985 inch2 156 mm2 
Shear area of external thread (As_ex) 2.146 inch2 312 mm2 
Shear area of internal thread (As_in) 2.331 inch2 400 mm2 

 
The shear and tensile stress under the given load is: 
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𝐹 = 𝜎" ∗ 𝐴" 𝜎J =
𝐹

𝐴J_7>
 

 

 
Fig. 2 Allowable force per rod at room temperature  

 
The allowable force per rod is limited by the yield stress of 316 stainless steel at 

RT. From Fig. 2, the maximum force applied on each rod at RT is 0.184 MN (41,360 
lbs.), where the tensile stress in each rod has a SF of 1. See Table IV and V. 

 
Table IV. Safety factor of the tensile results for rods and bullets. 

 Rod thread  Bullet 
RT 4.2 K RT 4.2K 

Tensile stress (MPa/psi) 289/42,000 426/61,830 393/57,000 579/84,000 
Safety factor (tensile/shear) 1  2.183 1.412 2.14 

 
Table V. Safety factor of the shear results for rods and bullets. 

 Rod thread  Bullet 
RT 4.2 K RT 4.2K 

Shear stress (MPa/psi) 133/19,280 196/28,390 196/28,500 289/42,000 
Safety factor (tensile/shear) 2.178 4.78 2.825 4.29 

 
Elongation of the Rods 
 
The overall length of each rod is initially 4828 mm (189.9 in) (see Appendix I).  

Under the maximum force applied, as calculated above, the elongation in each rod and 
bullet are shown in Table V. 

 
Table V. Elongation of the rods and bullets at calculated load conditions. 

 Rod thread  Bullet 
RT 4.2 K RT 4.2K 

Elongation (mm/in)  
(See below) 

7.282 / 0.287 9.77*/0.385 -0.16/-0.006 -0.212*/-0.008 
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*Note that the elongation at 4.2 K is with respect to the “cold length”, which is 
the length of the rod when cooled from room temperature to 4.2K without constraints. 
For instance, the “cold length” of the rod is 4814 mm (189.528 in); with the elongation of 
9.77 mm (0.385 in) at cold and under load, the length at 4.2 K is 4824 mm (189.921 in). 

V. Conclusion	
Because stainless steel rods increase their load less than Aluminum rods upon 

cool-down, a higher RT preload is required by stainless rods to achieve the same axial 
load at 4.2 K as Al rods. However, the 316L SST rod material properties at R.T. limit the 
preload target and the final load after cooldown, accordingly. As a result, the maximum 
axial load of the four rods can achieve about 0.7 MN (157400 lbs) at R.T., and the 
corresponding axial load at cold is 1.1 MN (247300 lbs). 
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Appendix I Axial Rod drawing 



Lawrence Berkeley National 
Laboratory 

Cat Code 
SU3322 TECHNICAL 

NOTE 
LBNL Technical Note # 
SU-1007-3140 

Rev 
 B 

Page 
7 of 9 

 

 

 



Lawrence Berkeley National 
Laboratory 

Cat Code 
SU3322 TECHNICAL 

NOTE 
LBNL Technical Note # 
SU-1007-3140 

Rev 
 B 

Page 
8 of 9 

 

 

 

Appendix II Axial Rod Material Cert (Photocopy) 
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Appendix III Nitronic Material Cert (Photocopy) 

 


