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Key Adjusted Parameters and Optimum Method of Electromagnetic
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Abstract  On the stage of electromagnetic relay’s being adjusted, the technical control of
adjusted parameters directly affects relays’ characteristics of reaction force, and changes the match of
attractive force and reaction force. It eventually influences the breaking velocity of relay’s contacts.
And the change of contacts’ breaking velocity has a great effect on relays’ electrical lifespan. Taking
adjusted parameters (including armature’s maximum angular displacement, initial return spring’s
force, normally closed contacts’ force, contacts’ gap and normally open contacts’ over travel) as
factors and breaking velocities as targets, this paper does the orthogonal experimental design of five
factors and four levels, analyzes and investigates the key adjusted parameters influencing breaking
velocities. The research results indicate that @um max> Ogap a0d OO contacts are the key factors affecting
breaking velocity of NC contacts, Oxo contacts 15 the key factor affecting breaking velocity of NO
contacts. Then, based on the above work, optimum method of adjusted parameters is presented.
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Fig.1 Curves of reaction before and after adjusted
parameters changed
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Fig.2 Sketch plan of relay’s partial inner structure
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Tab.1 Controllable factor level of adjusted parameters
KF A4/ ) B/ (X103N *m) C/N D/mm E/mm
1 5.5 0.08 0.08 0.16 0.05
2 5.0 0.10 0.10 0.18 0.07
3 4.5 0.12 0.12 0.20 0.09
4 4.0 0.14 0.14 0.22 0.11
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Tab.2 Experimental scheme of adjusted parameters

R e/ vNo/
A B C D E TINC No

5 /) /)
1 1 1 1 1 1 7515.3 -3772.9 77.442 69.483
2 12 2 2 2 6603.3 -5380 76.297  73.98
3 13 3 3 3 5641.4 —6989.8 74903 76.529
4 1 4 4 4 4 4620.5 -8502.1 73.096 78.385
5 2 1 2 3 4 4507.6 -7744.1 72.861 77.605
6 2 2 1 4 3 4650.9 —6449.1 73.168 75.791
7 2 3 4 1 2 6325.1 —5787.2 75923 74.597
8 2 4 3 2 1 6512.6 -4253.2  76.159 70.594
9 31 3 4 2 4212.6 -5363.1 72.141  73.977
10 32 4 3 1 5188.9 -4156.9 74.1 70.515
11 33 1 2 4 4210.1 =7771.1 72.181 77.626
12 3 4 2 1 3 5168.1 —-6901.2 74.084 76.386
13 4 1 4 2 3 3503.6 —-6869.8 70.083  76.45
14 4 2 3 1 4 3566 4 -8038.9 70.326 77.922
15 4 3 2 4 1 3974.1 -3972 71.514  69.995
16 4 4 1 3 2 3956.8 -5352.6 71.474 73.865
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Tab.3 Variance analysis table of vnc

R4 v FESH ( GH(0.05)=3.49, G (0.01)=5.95)

Tab.4 Variance analysis table of vno

\ - O E EK
FERE  WHTHA S HbE S
V=Sif G=1IV,
y 0.018 009 3A 0.0060 0.0385
B 0.406 72 3A 0.1356 0.8709
c 1.4098 3A 0.4699 3.0180
D 0.034 161 3A 0.0114 0.0732
E 134.87 3 44.9567 2887392 (**

)

0.0180+0.0341+
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Tab.5 Controllable factor level of key adjusted parameters

K A/ C° ) D/mm E /mm
1 6.0 0.16 0.05
2 5.5 0.18 0.07
3 5.0 0.20 0.09
4 4.5 0.22 0.11
5 4.0 0.24 0.13

*6 XBRAESHLARASER

Tab.6 Experimental scheme of key adjusted parameters

R A D E vne/ (°/8) vno /(7 /8)

1 1 1 1 8023.2 -4161.8
2 1 2 2 7092.9 -5568.4
3 1 3 3 6215.7 -6858.0
4 1 4 4 5370 -8134.6
5 1 5 5 4549.8 -9275.7
6 2 1 2 6993.8 -5521.9
7 2 2 3 6049.5 -6843.7
8 2 3 4 5164.2 -8151.1
9 2 4 5 4297.3 -9322.2
10 2 5 1 5801.6 -4089.5
11 3 1 3 5834.4 -6904.3
12 3 2 4 4882 -8135.9
13 3 3 5 3938.6 -9338.5
14 3 4 1 5570 -4032.2
15 3 5 2 4618.6 —5493.5
16 4 1 4 4529 -8089.2
17 4 2 5 3492.7 -9323.5
18 4 3 1 5266 -4046.1
19 4 4 2 4241.4 -5441.7
20 4 5 3 3194.2 —-6774.9
21 5 1 5 2920.7 -9275

22 5 2 1 4875.5 -4033.3
23 5 3 2 3766.5 -5456.8

24 5 4 3 2576.3
25 5 5 4 953.72

-6821.4
-7959.8
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Tab.7 Analysis of experimental results

K& K vne/ (°/s) vwo/ (° /s)

6250.3
5661.3
4968.7 —
4144.7
3018.5

5660.2
5278.5
4870.2 —
4411.0
3823.6

5907.3 -4072.6
5342.6 -5496.5
4774.0 -6840.5
4179.8 -8094.1
3839.8 -9307.0
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Fig.4 Dynamic curves of attractive and reaction torques
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Fig.5 Velocity curve of armature’s pick-up process
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Fig.6 Velocity curve of armature’s drop-out process
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