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Design of fitting process between automotive polyamide material parts and steel bushs
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(1. Guangdong Technician College of Light Industry , Guangzhou 511434, China;
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Abstract : Glass fiber reinforced polyamide composite is a commonly used plastic component material for automobiles. Due
to its much lower strength and stiffness than metal components, this type of material often requires a reasonable fit between the
plastic body and steel bush to ensure that the component is effectively installed on the counterpart without quality problems caused
by fit. This is also a common technical issue that plastic component assembly must face. In order to explore the design principles of
the matching process between automotive polyamide material parts and steel bushings, three common parts were selected, and
reasonable sample size selection and size combination were carried out with reference to the sample size selection criteria for auto-
motive components. The samples were subjected to grouped tightening test analysis, and based on the test data, torque angle curves
with four different tightening characteristics were summarized, including soft connection, combination connection 1, combination
connection 2, and hard connection. Four tightening rules were analyzed and the rational design criteria for the fit between polyamide
plastic parts and bushings based on practical engineering cases was summarized. The criteria includes the necessity of using plastic
parts with rigid bushings, determining the lower limit value of the bushing below the plastic surface through part tightening tests,
determining the upper limit value of the bushing above the plastic surface through sealing verification of the sealing element, and
applying the above conclusions to solve the problems of loosening of actuator bolts and poor sealing of intake manifolds in passen-
ger vehicles. Such quality problems have zero occurrence rate after mass production, confirming the rationality of the conclusions
and forming engineering design experience to guide similar problems.
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Tab. 1 Statistics of part failure

Failure mode

One bolt, fall off
Two bolts, no torque

One bolt, fall off
150 One bolt,no torque
One bolt, torque decay to 2 N+m
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Tab.2 Combination of bush and plastic

Side 1 2 3 4 5 6 7 8 9 10

A be be be ev ev ev ab ab ab X
Without bush
B be ev ab be ev ab be ev ab

Notes: “be” represents “below” ; “ab’represents “above”; “ev’repre-

sents “even” (The following text is the same).
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Tab.3 Material information of three parts

Part Bolt specifica- Bolt Plastic Bush
tion grade material material
Part 1 M8x35 8.8 PA6-GF30 No.10 steel
Part 2 M8x30 8.8 PA6-GF30 No.10 steel
Part 3 M6%20 8.8 PA66-GF30 No.10 steel
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Tab.4 Grouping information for part 1

N It Side A Side B
o. em
Position 1 Position 2 Position 3 Position 4 Position 5 Position 1 Position 2 Position 3 Position 4 Position 5
1 tv/mm 0 0 0 0 0 -0.5 -0.3 -0.1 0.1 0.3
av/mm 0.018 5 —0.008 3 0.0713 0.0077  0.0254 -0.476 3 -0.292  -0.160 0.0932 0.2367
o tv/mm 0 0 0 0 0 -0.5 -0.3 -0.1 0.1 0.3
av/mm 0.000 3 0.000 5 0.0382  0.1895 0.1346 -0.5757 -0.271 -0.165 02028 0.106 8
3 tv/mm Without bush 0 0 0 0 Without bush -2 -1 1 2
av/mm 0 0.143 3 0.1458  0.0035 0.004 1 0 —2.103 -1.092 1.0036  2.0735

Notes: “tv”represents “targetvalue” ; “av”represents“actual value”.
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Tab.S5 Grouping information for part 2

No. ltem _ Side A _ _ Side B _
Position 1 Position 2 Position 1 Position 2
4 tv/mm Without bush 0 Without bush —-0.5
av/mm 0 0.146 8 0 -0.582 6
5 tv/mm 0 0 —-0.3 -0.2
av/mm 0.046 7 —-0.1330 —0.2708 -0.3158
¢ tv/mm 0 0 0.1 0
av/mm —0.041 6 0.044 1 -0.2759 0.061 5
. tv/mm 0 0 0.1 0.3
7 av/mm 0.0518 0.064 5 0.0518 03422

Notes: “tv’represents“targe tvalue”; “av”represents “actual value”.
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Tab. 6 Grouping information for part 3

Side A Side B
No. Item o, I, - - - -
Position 1 Position 2 Position 3 Position 1 Position 2 Position 3
g tv/mm Without bush 0 0 Without bush -0.5 -0.5
av/mm -0.012 4 -0.1414 -0.5332 -0.479 8
9" tv/mm 0 0 0 -0.3 -0.3 -0.3
av/mm 0.001 6 0.010 1 0.008 5 -0.3152 -0.271 -0.298 5
10* tv/mm 0 0 0 -0.2 -0.2 -0.2
av/mm -0.0132 0.005 9 0.000 9 -0.3053 -0.202 1 -0.160 6
" tv/mm 0 0 0 -0.1 -0.1 -0.1
av/mm 0.0119 -0.018 8 0.014 8 —0.092 2 -0.072 1 —0.086 9
17* tv/mm 0 0 0 0 0 0
av/mm 0.102 0.1335 -0.001 1 —0.002 8 -0.0416 0.0532
13" tv/mm 0 0 0 0.1 0.1 0.1
av/mm —-0.006 9 -0.018 5 =0.010 1 0.1427 0.069 9 0.108 3
14 tv/mm 0 0 0 0.2 0.2 0.2
av/mm -0.0312 -0.0335 -0.016 8 0.1577 0.2355 0.2412
15" tv/mm 0 0 0 0.3 0.3 0.3
av/mm -0.010 6 —-0.001 -0.0143 0.3225 0.3101 0.344 7

Notes: “tv”represents “target value” ; “av’represents “actual value”.
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Tab.7 Sample and quantity of M8

Height difference/mm

Item  Without
Mout 5 1 05 =03 —02 -0 01 03 1 2
bush

Qty 2 1 1 3 3 1 3 33 11

RS MoHARYE
Tab. 8 Sample and quantity of M6

Height difference/mm

Item i
Without 05 -03 -02 -0.1 0 01 02 03
bush

Qty 1 2 3 3 3 3 3 3 3
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Tab.9 Comparison of improvement schemes for actuators

Item Old New New
plan plan 1 plan 2
Design torque/(N - m) 6~8 8~11.2 10.5~11.2
Bolt yielding torque/(N*m) 14~15
Safe torque(50%-80%)/(N - m) 7~11.2
Torque turning point/(N +m) 0 1 3.5
Maximum acceptable B-side
height of bushing is lower than that 0 0.1 0.2
of the plastic/mm
Feasibility No Yes No
T3 58— 2 G HH AR B b 2 2258 TR Y 453 AT
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Fig. 15 Torque inflection points of different M6 samples
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Tab. 10 Comparison of AIM before and after improvement

Item

Before improvement After improvement

Compression ratio requirement
Minimum exposed height of sealing part/mm
Total height of corresponding sealing ring/mm

Maximum allowable displacement value/mm

Design value of height difference of bushing plastic/mm

Rationality

15%~30%
1.1
6
0.2
0~+0.4 +0.1
(Maximum displacement 0.4)
Unreasonable Reasonable

Notes: A positive height difference indicates that bushing is higher than the plastic part, while a negative value indicates that bushing is lower than

the plastic part.
1 HSEERHTRRZAE

Tab. 11  Verification torque of intake manifold improvement plan

Item After improvement
Design torque/(N +m) 20~25
Bolt yielding torque/(N - m) 35
Safe torque(50%~80%)/(N +m) 17.5~29.75
Torque turning point/(N*m) 2.5
Maximum acceptable B-side
height of bushing is lower than that of the plastic/ 0.1
mm
Feasibility Yes
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Fig. 16 Torque inflection points of different M8 samples
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