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Measurement method of biaxial axial force of aero-engine

elastic support and force-measuring ring

LI Hongmei, OUYANG Yunfang
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Aero Engine Corporation of China, Shanghai 201306, China)

Abstract: In order to meet the test requirements of axial force for three fulcrum thrust bear-
ings of a certain aero-engine, the parallel measurement method of the elastic support axial force
sensor and the force-measuring ring and a combined calibration method of the bidirectional axial
force were proposed. The measuring principle of the axial force sensor of the elastic support was
given, the simulation analysis and calibration experiment of the axial force of the elastic support
were carried out, the influences of intermediate gear box (IGB) and rod bearing on the calibra-
tion results were given and compared with the engine force-measuring ring test results. Research
showed that the output of the elastic support axial force sensor was greatly affected by the installa-
tion position and object, with calibration data deviations of up to 73. 4% and 17. 8% for unassem-
bled IGB and rod bearings, and the assembly of the calibration components according to the actu-
al assembly relationship of the engine can improve the measurement accuracy. The measured re-
sults of the engine showed that the trend of the measurement method of multi-channel full bridge
mean of elastic support axial force sensor was consistent with the axial force data obtained from
the force-measuring ring, verifying that the method of measuring the axial force of the bidirection-

al elastic supports had a high value of engineering application.
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Fig.1 Measuring principle of elastic support axial force sensor

2 EXHEANRERESN

Shy BT ff S Bl ) g A SRR I AR T2 A
Bi T8 A 1] ) A TR N AR i 22 () ) B 5
KRR T, IF AR 2 5 B AT o
2.1 @ AIRERBEL

SRR GE R SHIL S Sl ) A% 3 BE AR 2R )
35 kb R 2 TC T 2K L S Bl 1) g A SRR i L T S e
B 0 d e bn e 58, 1 S ST I 2 R 3R
S Sl ) g bR e B 5 R T R LS+
AR T2 CH PR shALRT R S ML) 414 5
% 2: 9 3 HIGB (48 & s AL v Je 4% 3l 14 58 46 ) AL
[+ ) T3 A5 7 3 # 3 +1GB ML + #
AR+ R TR A
2.2 EmMEAREHESH

S5l 1 o 2 Bl o7 Ay RS 5 4 O b R 1

T PC 45 1A, 8 i 28k T O T 400 % s ALl ) o
b 1) vt 3 4 g b R O A% 38 B SR SZ B A
B R 50 kN, 3 32 5 7K Iy T2 Y IE 5 T K T E
(R ZOY

7E 50 kN I i) i 1) 3 IR 352 4 2% 32400
A BRIC (R AT ANSYS #1173 #r 45 5% 0L [ 3~
P 5.l UL AR 2% B d5e R AR T B AE AR AR (EL IS )
e NG A R AR T o R A% I XN A A
ANECTE R 5T AR 2% AN 52 A 18] 5 A 1 R ek )
JOE ARG /I PR IH A 2 e I T 0 e 3 4 e DV AR T
AT /INARS 18] 0 B R A T AR, T A v
HRTE .
2.3 REMEHREHFESH

5 50 kN Sz 1) il 1 g £ JH R S S0 O 4% 32
JE) A BR 76 (R F ANSYS #4443 4 25 5 WL &
6~ 8.



1416

37 %

ik
N

=
~mm

() TR 1 BT LR

(b) J7ZE2: s IGBHLE & 1 T A () T3 W Y +IGBHLIE +E4hR+ & 1 T4 &
&2 il g 4 A b e A

Fig.2 Combined calibration model of axial force
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Fig.3 Simulation analysis cloud diagram of calibration scheme 1 under 50 kN positive axial force
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Fig.5 Simulation analysis cloud diagram of calibration scheme 3 under 50 kN positive axial force
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Fig.6 Simulation analysis cloud diagram of calibration scheme 1 under 50 kN reverse axial force
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Fig.7 Simulation analysis cloud diagram of calibration scheme 2 under 50 kN reverse axial force
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Fig.8 Simulation analysis cloud diagram of calibration scheme 3 under 50 kN reverse axial force
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Table 1 Output comparison of elastic support full bridge under 50 kN positive axial force

BEAE/10°
0 25 552 ‘ ‘ GBI/ % FeMRI/ %

VES! VEY %3
1 1406 1291 1311 9.0 —1.5
2 1585 1443 1474 9.9 —2.1

1625 1481 1488 9.7 —0.5
4 1592 1444 1454 10.2 —0.7
5 718 691 749 3.9 —7.8
6 928 875 914 6.0 —4.2
7 1683 1525 1516 10. 3 0.6
8 1562 1433 1433 9.0 0
9 1566 1427 1438 9.8 —0.8
10 1418 1308 1342 8.5 —2.6
11 1427 1310 1375 9.0 —4.7
12 1559 1390 1439 12.1 —3.4
13 1473 1302 1329 13.1 —2.1
14 1495 1395 1421 7.1 —1.8
15 1325 1418 1 386 —6.6 2.3
16 1256 1344 1 306 —6.5 2.9
17 1324 1404 1335 —5.7 5.2
18 1260 1520 1427 —17.1 6.5

19 943 1311 1252 —28.1 4.7
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REAE/10°°
RO IGB 31/ % PR/
yE T%2 T3
20 304 1143 1073 —73.4 6.5
21 305 1143 1074 —73.3 6.4
22 945 1311 1252 —27.9 4.7
23 1267 1534 1431 —17.4 7.2
24 1326 1407 1343 —5.8 4.8
25 1260 1345 1310 —6.3 2.7
26 1323 1418 1385 —6.7 2.4
27 1495 1397 1421 7.0 —1.7
28 1473 1302 1330 13.2 —2.1
29 1559 1390 1439 12.1 —3.4
30 1427 1310 1375 9.0 —4.7
31 1418 1308 1342 8.5 —2.6
32 1566 1427 1438 9.8 —0.8
33 1562 1433 1432 9.0 0
34 1683 1526 1516 10.3 0.6
35 928 875 914 6.1 —4.3
36 718 691 750 3.9 —7.8
37 1592 1444 1453 10. 2 —0.6
38 1625 1481 1487 9.7 —0.4
39 1586 1443 1473 9.9 —2.0
40 1406 1290 1310 9.0 —1.5
F2 SOKNKEHENEATHZEFHHITLE
Table 2 Output comparison of elastic support full bridge under 50 kN reverse axial force
N /107"
Lo TR IGB#1/ % PREN ARSI/ %
ED! VEY T3

1 —1382 —1336 —1314 3.4 1.7
2 —1393 —1355 —1 330 2.8 1.9
3 —1399 —1 359 —1332 3.0 2.0
4 —1373 —1 346 —1324 2.0 1.7
5 —1231 —1158 —1205 6.3 —3.9
6 —1277 —1213 —1242 5.3 —2.4
7 —1387 —1361 —1333 1.9 2.1
8 —1406 —1 357 —1334 3.6 1.7
9 —1 396 —1 360 —1334 2.7 1.9
10 —1383 —1330 —1315 3.9 1.2
11 —1 380 —1328 —1310 4.0 1.3

12 —1365 —1336 —1318 2.2 1.4
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JiAE/10°°
AT IGB #1H/ % Befh R 20 / Y6
GEJ! HE2 VES
13 —1372 —1313 —1 309 4.5 0.3
14 —1 389 —1351 —1345 2.8 0.4
15 —1391 —1396 —1 380 —0.4 1.1
16 —1372 —1422 —1 406 —3.5 1.1
17 —1326 — 1440 —1424 —8.0 1.1
18 —1275 —1437 —1407 —11.3 2.1
19 —1134 —1310 —1343 —13.5 —2.5
20 —845 —970 —1180 —12.9 —17.8
21 —846 —970 —1180 —12.8 —17.8
22 —1135 —1390 —1338 —13.3 —2.2
23 —1273 —1437 —1403 —11.4 2.4
24 —1325 —1 440 —1421 —7.9 1.3
25 —1372 —1421 — 1405 —3.4 1.1
26 —1391 —1396 —1 380 —0.3 1.1
27 —1 389 —1352 —1346 2.8 0.4
28 —1372 —1313 —1 309 4.5 0.3
29 —1365 —1336 —1317 2.2 1.4
30 —1381 —1328 —1310 4.0 1.3
31 —1382 —1330 —1314 3.9 1.2
32 —1396 —1 360 —1334 2.7 1.9
33 — 1406 —1357 —1334 3.6 1.7
34 —1387 —1361 —1333 1.9 2.1
35 —1277 —1213 —1242 5.3 —2.4
36 —1231 —1158 —1205 6.3 —3.9
37 —1373 —1 346 —1324 2.0 1.6
38 —1399 —1359 —1332 3.0 2.0
39 —1393 —1355 —1330 2.9 1.8
40 —1382 —1336 —1315 3.4 1.6
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Fig.9 Combined calibration test diagram of axial force
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Table 3 Comparison between simulation data and test
data of elastic support under 50 kN

positive axial force

A/ AR/

A5 90 5 o N W2/ %
10° 10°
Fy 1342 1625 —21
Fo 1786 1625 9
F 1341 1683 —26
Fy 1546 1260 18
Fe 1359 1267 7
Fu 1476 1495 —1
¥ifa 1475 1493 —1
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Table 4 Comparison between simulation data and test
data of elastic support under 50 kN

reverse axial force

U R iﬁ%‘@(éﬁ/ {ﬁﬁﬂj:ﬁ/ 2/ %
10° 10°

F. —1365 —1399 2

Fo —1603 —1399 —13
Fo —1264 —1387 10
Fu —1343 —1275 —5
F —1375 —1273 -7
Fo —1565 —1389 —11
B —1419 —1354 -5

x5 AR AN A IRARE BB

Table 5 Calibration data comparison between elastic
support axial force sensor and

force-measuring ring

B /KN 110 kN‘iﬁ!ﬂj} %iiﬂar’ﬂﬁﬁf f—
HRAE /10" FRARINAE/10°°
10 856 286 2.99
20 1674 585 2.86
30 2 440 884 2.76
40 3174 1179 2.69
50 3884 1475 2.63
80 5919 2417 2.45
110 7904 3368 2.35
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Fig.10 Combined calibration curve of axial force
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