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Fig.1 Structure drawing of accessory gearbox
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Fig.2 Schematic diagram of bush wear
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Fig.3 Gear wear diagram
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Fig.4 Dynamic stress measurement plan
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Fig.5 Gear temperature measurement plan
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Fig.6 Test measurement procedure
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Fig.7 Position and number of gear 2 circumferential patch
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Fig.8 Position and number of gear 2 axial patch
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Table 1 Modal test results of gear 2
Bk W/ Hz PR
1 3357 IR
2 5035 2°94%
3 6365 174515
4 11870 3t
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Fig.9 Position and number of gear 4 circumferential patch
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Fig.10 Position and number of gear 4 axial patch
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Fig.11 Vibration waterfall of strain gauge 1
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Table 2 Vibration stress value of each strain gauge

AR/ Hz AR [ 73/MPa ﬁ%%' IS ES
#E33/(r/min )
1 48
2 12
2370 3 13 8610 33/2
5 12
6 15
1 30
2 8
2376 3 8 7690 (33/2)+2
5 8
6 10
1 28
2 7
5100 3 7 8495 3343
5 7
6 1
1 17
2 4
8862 3 4 8570 33x2-4
5 4
6 1
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Table 3 Modal test results of gear 4

ik W/ Hz PRI
1 1773 171542
2 2343 270 1%
3 5114 3R
4 8917 47548
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Table 4 Second gear dynamic stress measurement results

o | T EOHCN e | mpa | ok
PRHEZER Hz (r/min)
1 8
B 332 2 19 2380 8650
3 4
1 17
B2 (332)+2 2 19 2376 7690
3 5
1 22
A 33+3 2 24 5116 8520
3 6
1 8
12 2 WRIRIENST A 33x2-4 z z 8896 8600

Fig.12 Vibration stress distribution of two pitch diameters
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Table 5 Third gear dynamic stress measurement results
A 2;%; RIS | BAMPa ﬁff ! fffn’ :
18
23
21
21
4
6
37
40
40
46
9
10
37
41
38
43

&

B 33/2

2378 8640

RS (33/2)+2

2380 7680
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Fig.13 Vibration stress distribution of three pitch diameters

3343

6650 9280 H 5116 8520

10000 274

8000F - 17MPa

N
= 6000 5o r 28MPa | z+3

R 4000} A | (33x2)-4 8892 8640
owie sompa__(#2)+2

2000+ /// - 48MPa /2

o= RN T o N LT B S S B S B I = IO B S I ST oo R BRSO/ (S N SO 2 B RN I B N ILVL T I SN I S )

0 2000 4000 6000 8000 10000 . . . R
{539 (u/min) T 6 A5, AN & 15 B, Vi e il B 45 3 UL 3R 6, Hoh e

14 SHRERRIVRE XA TR A5 RTAR TQ, S Z i B b TH.
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Fig.15 Temperature measuring point of gear 2
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Table 6 Gear temperature measurement results

W TQI TQ2 TQ3 THI TH2 TH3

i JE/°C 149.6 149.6 148.3 153 152.6 1523

NODAL SOLUTION

STEP=1

SUB =1

TINE=1

TEMP (AVG)
RSYS=0

SMN =109.205
SMX =215.249

108.205 03.466
120 215.249
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Fig.16 Temperature field of meshing side with gear 1
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Fig.17 Temperature field of meshing side with gear 3
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Fig.18 Original structure diagram
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Fig.19 Schematic diagram of improved structure
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Table 7 The frist dynamic stress measurement result of

improved structure gear

1% Hz N AR N J3/MPa | §%#/(r/min) IS
1 6
2 10
3 8
6035 6876 (33/2)x3+3
4 9
6 5
7 2
1 38
2 42
3 48
9892 8460 33x2+4
4 39
6 18
7 17
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Table 8 The second dynamic stress measurement result of
improved structure gear

A% /Hz Ry AT 1 F3/MPa | ¥/ (r/min) WA 2 K
1 21
2 21
3 J—
6010 4 2 7080 (33/2)x3+3
5 27
6 23
7 11
8 11
1 16
2 16
3 —
9896 4 17 8482 33x2+4
5 21
6 17
7 8
8 7
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Table 9 Comparison of dynamic stress reserve before
and after improvement

e b VR SR H
ikt Mk ) X
SEJE/MPa | I JI/MPa | fif%/MPa
Ji 254 12Cr2Ni4A 1030 307 6.38
e el 16Cr3NiWMoVNbE 1275 411 8.56
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Table 10 Comparison between the maximum value of the
first total vibration of original structure of gear
(first two times) and the improved structure

JFRLkHY JR 2k
2 o o Eel
(HE—W) (€ =t/ Q)
PR B /mv 336 216 168
38/ (r/min) 7680 8760 7560
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Table 11 Comparison between the maximum value of the
second total vibration of original structure of
gear (the third times) and the improved structure
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Application of Gear Dynamic Stress and Temperature Measurement in the
Failure of Accessory Gearbox
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Abstract: This paper describes the phenomenon of spectrum over standard problem of the accessory gearbox,as well
as the principle of gear dynamic stress measurement and gear temperature measurement. The gear dynamic stress
measurement and gear temperature measurement show that the gearbox accessories improper selection of materials
and centrifugal fan gear resonance are the main reason for the failure. Accordingly, it proposes troubleshooting
measures,including heavy-duty side gear shaft replacement high-temperature gear steel and improving of the structure
of centrifugal fan gear and so on. The dynamic characteristics analysis and dynamic stress measurement of the
improved gear shaft were carried out. The measures are carried out to improve the attachment casing long test
assessment,followed by the full implementation of the field. The failure rate is significantly reduced.
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structure improvement
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