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Abstract: Fastening of PCB circuit board screws is a key process in infrared thermal imager installation and
adjustment. Its assembly quality directly affects the performance of the circuit board and image quality in an
infrared thermal imager. First, a quantitative method for tightening the torque of the circuit board screws in an
infrared thermal imager was proposed. The theoretical tightening torque of the circuit board screws was then
calculated using the proposed method. Finally, combined with the tightening torque value obtained using the
proposed quantitative method, ANSYS Workbench was used for the finite element simulation analysis. The
results verify the safety of the circuit board under a load of the theoretical screw torque value. This study
investigates a quantitative method of an infrared thermal imager circuit board, enabling the quantification of
the screw tightening torque value during the assembly process of an infrared thermal imager PCB circuit board.
This improved the assembly quality of each circuit component of the infrared thermal imager and the stability
of the entire machine.
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Fig.1 Schematic diagram of circuit board screw fastening
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Table 1 M values

Nut no. M value/g

1 10780.00  10970.00 11900.00

2 11060.00 12060.00 11100.00

3 10820.00 11320.00 10600.00

4 9893.00  9627.00  10730.00

5 11010.00 10140.00 9984.00

6 10560.00 9864.00  10190.00
Average value 10687.17 10663.50 10750.67
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Table 2 The torque value of PCB board screw fastening torque calculated by quantitative method of infrared thermal

Hexagonal

Contact surfaces

Designed

Type cylin(sliircee\li head Inner diameter  Outer diameter dtizg):t%:lrl-(})lg tllie ];f;rlilée T‘;;%E;?’;l)ue
(GB/T70.1-2008) dy/mm dw/mm board d/mm T/(cN'm) (Integer)

M4 6.0 8.0 6.0 104.5875 105
Flat washers M3 35 6.0 3.5 63.0604 64
(GB/T 848-2002) M2.5 2.9 5.0 2.9 36.7825 37
M2 2.5 45 2.5 27.1787 28
M4 6.0 8.0 6.0 104.5875 105
Saddle washers M3 35 6.0 3.5 63.0604 64
(GB/T 860) M2.5 2.9 5.0 2.9 36.7825 37
M2 2.5 45 2.5 27.1787 28
M4 5.0 7.0 5.0 79.1751 80
No washers M3 35 5.5 35 45.5325 46
(Screw fastening) M2.5 2.9 45 2.9 24.7650 25
M2 2.4 38 2.4 15.1614 16
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Fig.5 Simplified PCB fastening finite element model
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Table 3 The properties of material

Materials Density p/(kg/m®)  Elastic modulus E/MPa  Poisson's ratio ##  Tensile (break) strength on/MPa
PCB 6.5 18x103 0.153 28-91
Structural steel 7.8 206x103 0.260 600
Brass 8.5 110103 0.340 200
Duralumin 2.8 70.6x103 0.330 450

0.00011175 MAX 9.5797 MAX

99655e-5 8.5153

8.7617e-5 7.451

7.5549e-5 63867

63482e-5 5.3223

5.1414e-5 4258

39346e-5 3.1937

2.7279e-5 21293

1.5211e-5 1.065

3.1434e-6 MIN 0.00064995 MIN

(a) M4 BEET In# FIRFS T 1) PCB A8 T%

(a) PCB deformation in the M4 screw with washer

1444

(b) M4 B2ET N FoIRAS R ) PCB S5208 )

(b) Equivalent stress of a PCB in the M4 screw with washer



F465 F124 Vol.46 No.12
20244E12 A ARFEAC S PGS B BOE T 5 A b v Dec. 2024

0.00059475 MAX 5.0088 MAX
0.0005287 44522
0.00046264 38957
0.00039659 3.3392
0.00033054 27827
0.00026449 22262
0.00019843 1.6697
0.00013238 11132
6633e-5 0.55665
2.7762e-7 MIN 0.00014179 MIN
(c) M3 BRET N IRAS N i PCB AT (d) M3 BRET N - RZS R ) PCB 48 R8N /)

(c) PCB deformation in the M3 screw with washer ~ (d) Equivalent stress of a PCB in the M3 screw with washer

7.9935e-5 MAX 4.2683 MAX
7.1069e-5 3.7942
62203e-5 3.3201
5.3337e-5 2.8459
44471e-5 2.3718
3.5605e-5 18976
2.673%e-5 1.4235
1.7873e-5 4 094936
9.0065e-6 0.47523
1.4053e-7 MIN 0.0010873 MIN
(e) M2.5 IBET N 7 RZ F 1 PCB 42T () M2.5 IRET 2 FrlRZS T 1 PCB 45308 /)

(e) PCB deformation in the M2.5 screw with washer  (f) Equivalent stress of a PCB in the M2.5 screw with washer

0.00036925 MAX 3.249 MAX
0.00032823 2888

0.0002872 2527

0.00024617 2.166

0.00020515 1.805

0.00016412 1.4441

0.00012309 1.0831

6.2065e-5 0.72206

AL 0.36107

1.0741e-8 MIN 7.264e-5 MIN

(2) M2 BRET I3 R T K PCB 22T (h) M2 BRET I i RZS T PCB 45308 )

(g) PCB deformation in the M2 screw with washer (h) Equivalent stress of a PCB in the M2 screw with washer
K7 AR PCB HUE BN H =B

Fig 7 Simulation cloud pictures of tightening torque of PCB board with washer

0.00061132 MAX 6.1769 MAX

0.00054401 5.4906
= 0.00047669 48044
. 000040933 41181
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Il 0.00020744 20592
. 0.00014013 1.373
[ 7.2817e-5 0.63669

5.5041e-6 MIN

0.00041176 MIN

(a) M4 BRET o34 IRZS R ) PCB A2 (b) M4 IZET TE IR T ) PCB 252U /)
(a) PCB deformation in the M4 screw without washer (b) Equivalent stress of a PCB in the M4 screw without washer
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0.00035639
0.00030596
0.00025503
0.0002041

0.00015317
—{ 0.00010224
i 5.1308e-5

3.773%e-7

(c) M3 IZ4T TLH R IRAS T 1) PCB A2

(c) PCB deformation in the M3 screw without washer

0.0003188
0.00027895
0.00023911
0.00019927
0.00015942
0.00011958
79734e-5
3989e-5

__HN EEs

0.00035864 MAX

4.6255e-8 MIN

(e) M2.5 IBET TLH A RS T 1 PCB A2
(e) PCB deformation in the M2.5 screw without washer

0.0003582 MAX
0.0003184
0.00027861
0.00023881
0.00019902
0.00015922
0.00011943
79634e-5
39839e-5
4.357e-8 MIN

(g) M2 IBET B RS T PCB & T
(g) PCB deformation in the M2 screw without washer

0.00045876 MAX

MIN

3.7705 MAX
3.3515

29326

2.5137

20947

1.6758

1.2569

083792
0.41899
5.0527e-5 MIN

28658 MAX
2.5474

2.229

19106

1.5922

1.2738

0.95534
0.63692

0.3185
8.5596e-5 MIN

2.6685 MAX
2.372

20755
1.7791
1.4826
1.1861
0.88962
0.59314
0.29666
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Fig.8 Simulation cloud pictures of tightening torque of PCB board without washer
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0.00017476 MIN

(h) M2 BBET L4 R4S N 1) PCB S5508 )

(h) Equivalent stress of a PCB in the M2 screw without washer

(d) M3 B4 L AR A R I PCB S5208 )

(d) Equivalent stress of a PCB in the M3 screw without washer

() M2.5 BBET B R R A R I PCB 25308 5
(f) Equivalent stress of a PCB in the M2.5 screw without washer

Table 4 The results of finite element simulation analysis of fastening torque of PCB board

Type

Hexagonal cylindrical

Torque value

Maximum deformation

The maximum equivalent stress

head screw T/(cN-m) (PCB) /mm (PCB) /MPa

Flat washers M4 105 1.1175E-04 9.5797
(GB/T848-2002) M3 64 5.9475E-04 5.0088
/Saddle washers M2.5 37 7.9935E-05 4.2683
(GB/T860) M2 28 3.6925E-04 3.2490
M4 80 6.1132E-04 6.1769
M3 46 4.5876E-04 3.7705

No washers
M2.5 25 3.5864E-04 2.8658
M2 16 3.5820E-04 2.6685
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