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Abstract: To elucidate the effects of thread rolling parameters and end configurations on the for-

ZHANG Zhenfeng”* LI Haonan'

mation of folding defects, an experimental investigation was conducted on the thread end rolling
processes and fatigue behavior, and the folds with different processing parameters were analyzed. The
results show that for the folding in the end region, higher thread rolling speed and lower feed rate sig-
nificantly mitigate the occurrence of folds. For the tooth base folding, increases in thread rolling speed
and feed rate will initially reduce the number of folds. In terms of fatigue characteristics, increases in
thread rolling speed and decreases in feed rate leads to a gradual reduction in fatigue cracks originating
from folding defects. Consequently, the optimization of thread rolling process parameters and end
groove configurations is essential for reducing the incidence of folding defects in short end bolts.
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Tab.1 Rotation speed and feed rate for thread rolling

M| ek / HEG |\ dl| IR/ P45/
FlGemin D) | (mmer D |5 (reminD) | (mmer D)
1 15 0.08 9 25 0.08

2 15 0.10 10 25 0.10

3 15 0.12 11 25 0.12

4 15 0.14 12 25 0.14

5 20 0.08 13 30 0.08

6 20 0.10 14 30 0.10

7 20 0.12 15 30 0.12

8 20 0.14 16 30 0.14
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Fig.2 Curve of folding slit length changing with

thread rotation speed
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Fig.3 Fold shape on the short end profile of the thread
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Fig.5 Curve of folding slit length changing with

feed rate
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end of thread
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Tab.2 Geometric configuration and structural

parameters for short end of thread

45 R/mm r/mm 445 R/mm r/mm
1 0.30 0.15 6 0.30 0.13
2 0.25 0.15 7 0.30 0.11
3 0.20 0.15 8 0.30 0.09
4 0.15 0.15 9 0.30 0.07
5 0.10 0.15
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Fig.9 Fold on the short end profile of the thread
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Tab.3 Rolling process parameters and horizontal values

KT 5 [ 7 h
WL/ (r e min™ ) | #E45H/(mm » v 1) | BEREL
—1 15.00 0.080 0.200
—a 18.04 0.096 0.241
0 22.50 0.120 0.300
a 26.96 0.144 0.359
1 30.00 0.160 0.400
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Gt A7 B4R b R IR AT S n B T
R 22 T2 SRR B R AT & B R A
N = 28 —2.532n — 208f, + 107.1px 4+ 0.0763n"* +
14342 +29.54% 4+ 0.001nf, — 2.83nu — 530 f .0 (1)
KN NBECF IRIT & B it sn IR 2% 3. r/min; f,
MR mm/ry e NEEEIN AL,
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Tab.4 Response surface design rolling process

parameter combination

WS |RAKH/(r e min D | #4HE/ (mm - r 1) | BEEREL
1 22.50 0.080 0.300
2 18.04 0.144 0.359
3 22.50 0.120 0.300
4 22.50 0.120 0.200
5 30.00 0.120 0.300
6 18.04 0.096 0.241
7 18.04 0.144 0.241
8 22.50 0.120 0.300
9 22.50 0.120 0.300
10 22.50 0.120 0.300
11 15.00 0.120 0.300
12 22.50 0.120 0.300
13 26.96 0.144 0.241
14 26.96 0.096 0.359
15 18.04 0.096 0.359
16 26.96 0.144 0.359
17 22.50 0.120 0.300
18 22.50 0.120 0.400
19 22.50 0.160 0.300
20 26.96 0.096 0.241

VI 1A I 7 9L 4 72
N = 2.123 —0.907 f, +4.265n" + 2.265f% —
2.121np — 2.121f ,p (2)
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Tab.5 Analysis of variance for the number of

dental base folds model

KW | AHEE| AdiSS Adj MS F 14 Pl
PR 5 52.552 10.510 19.240 0
Sa 1 3.970 3.970 7.268 0.017
n? 1 33.099 33.099 60.590 0
I 1 9.336 9.336 17.090 0.001
nu 1 4.500 4.500 8.238 0.012
fap 1 4.500 4.500 8.238 0.012
1) 9 7.648 0.850
ali iR 2% 5 0 0
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Fig.10 Probability plot of model residual distribution
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Fig.11 The main effect diagram of rolling process
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Tab.6 Rolling process parameters of fatigue test

Y5 R, 2

=

5 WEHE/(re min~ ) | A/ (mm - D)
1 15 0.10
2 20 0.10
3 25 0.10
4 30 0.10
5 20 0.08
6 20 0.12
7 20 0.14
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Fig.13 Surface morphology of the short end region
of thread with different thread rotation speed
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Fig.14 Surface morphology of the short end region
of threads with different feed rates
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