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ABSTRACT

This paper is studied on the effect of the bolt joint stiffness on the Thrust Measurement Stand(TMS).
TMS is a test stand for thrust performance of the propulsion system, which depends on two factors:
The 1% is the parallel degree between directions of the thrust vector and action lines of the
corresponding measuring load cells for the vector, and the 2™ is the orthogonality between action
lines of the measuring load cells. Therefore, it is essential to maintain the original shape of the TMS
under operating conditions. In this paper, it is examined how the geometric tolerance of the bolt joints
and threads of the load cell trains affect the performance of the TMS. Also, some techniques to

overcome related problems are proposed.
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Table 1. The specification of the TMS.

Items Thrust Pitch Yaw

Load o o | -10% ~+10% | -10% ~+10%

range -100% ~+100% of thrust of thrust

SHatic | 02% of FS |1.0% of FS| 1.0% of FS
rror

¥ Static error of load cell < 0.05% FS

Z(Pitch) ‘
RZ8

X(Thrust) Y(Yaw)

R-: Measuring Load Cell
C- : Calibration Load Cell

Test B
Article e

Air Inlet

71X, F=

[F By Fy )y F],

C' = Calibration Coe f ficient
L=IL,L, Ly L, Lj)"

L, = RX1+RX2
L, = RY1
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L, = RZ1+ RZ2
L, = RY?2
L, = RZ3+ RZ4

Thrust, T=FK
Pech force, P=F,+ F, )
Yaw force, ¥ = Fy+ Fj
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Fig. 4 The relationship between the input and the
output of the TMS (before reinforcement).

Table 2. The static error of the TMS.

Item Thrust Pitch Force | Yaw Force
Error(E.S) | 0.44% 1.95% 1.11%
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Table 3. The size of d, for 4h, 6himale], 5H,
BHIfemale] threads of the M16x2.0 boli[8].

Ttems 5H[4h] Thread | 6H[6g] Thread

Male 14.601-14.701 14.511-14.651

Femal 14.701-14.871 14.701-14.913
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Fig. 5 The relationship between deflections and
forces in the bolted joint structure.
d,: bolt elongation, 4, clamp contraction,

£, pre-load in a bolt, #, : external load,
F, :load in a bolt, £, :load in a clamp.
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Fig. 6 The relationship between the bolt load and
the external load in the bolted joints.
K, : bolt stiffness, A : clamp stiffness.

abel A% WAL RolF Eq 4dAE nHE
1

K EA, EA, )
A7\M, K, . EES A ZA
E : EE 279 &4 AF
A BEES @WH (Fig. 7 FX)



36 oFE - B

Ty Ls Ly T

[ )
3
z
L/
Lag = Ls + kTy

\ |
A B

Lgg = Lt + kTy

Fig. 7 The bolt geometry and effective length in the

bolted joint{7].
depd A2 BEe A7 4= AAWA
o gaz A BAel AL TR &F
gl mWeld A4E g2 Be 249 4

33 2=Al EQle] VAR A=
9 AgdoA FHS AZsH] HEA
AL AL 38 Y FS 2

1 ZHA] A E(self-alignment) 7]15S 713

Iy

tlo
o = fu

X

dl
o A ARgsioF stH[9], B FE AR
Are FUMAE ZF9 M(universal flexure)E Al
3ot FUMAE F9-E AR/ 45 FLEF o)
ZFol st A HE Ves Ze FAolH
2ody Mg 2¥E 2=4 EF 9 (load
train, flexuretload cell+flexure)< Fig. 83 T}
[1,10].

A
X

At UAb Aol A A/ S FEF skl
2483l W4 (back lash) W&ol 35 W3ko]

-

H3le 9HES 712 E A% (dead zone)o]
A5 7] W&ol Fig. 83 o] 2=z ZUMe
AL A2 FUMA ZAM UAtE £
YE(split nut)2 A|Z3}ar, o] £ YEE x99
A A E fldTh o] FES Hu AASH
YellE Fig. 9% 2t} Fig. 994 £ HEY

EE xo¥ 2=4A Z9 9/F AR
< FobA glolAY E9A4 F9 ARt 7
5 WAke 71sket A

Rloox I A BN
o o I o

X

e

3

QL

N

52

fr

Clamping bolt
Female thread
[Flexure, Split Nut)

Before Jointing After jointing

Fig. 9 The Deflection behavior of the split nut -

thread joint.
AR 73188 FEmor A B AFAHY
FFL M 5 Ade AL 432 £ A

1 5 AAdA Fe]
744 Foksk BEo] BE AR z2Td EfKl
o WA AAR, 2= 8 Zd Mot} wabA]
o] Algdie
=4 gl
o YA AT E FolW dte W] wE
ANA e wshrt FolEo 3
FFS A 29 F Ig FHAoeZ FAHHAEG =
3 22 MY §FS STHAITIE AIE
o] AA Aol Frkste] Ay Aol AdE A
o2 458 F Uk

4. Ao 22 & 2t
41 AFu 2

3 HeEd HEs ZAZ s|&EHZAX
£ fAdste] 8 AP AS=E Eo)7] 4



H20A H5& 2016. 10.

EEo| XNZ ZYol & AlgMo o= & 37

o A2 BES) T YoE, =AU FoA
o W EE, 2oas 949 §3S
Table 4} o] Rstsith. ZEA+EFAM9 1}
e zede bt REw dUFosz w
Astn FMe AR PR Loz
HEHRY) Wl 2oz Hgsdn 2=

EQ AAE AAEEES A4 BE %S F

ZENA AZde A

2

=<

e SRS A=

Table 4. The reinforcements items of the TMS.

Items

Reinforcement Specs.

Joint Threads of
Load Cells and
Flexures

Coarse — Fine
(Only Male Thread)

Clamping Bolts for
Pitch Brackets

- Quantity : 4 ea — 6 ea
b Strength : 109 — 129

Clamping Bolts for
Yaw Brackets

- Quantity : 4 ea — 6 ea
+ Strength : 109 — 129

Pitch Load Cells

25 kN — 50 kN

Yaw Load Cells

5 kN — 10 kN

Pitch Flexures

10 klbf — 20 kibf

Yaw Flexures

3 klbf — 6 klbf
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Fig. 10 The relationship of the input and output for
the TMS (after reinforcement).
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Table 5. The static error of the TMS (after

reinforcement).
Item Thrust Pitch Force |Yaw Force
Error(F.S)| 0.17% 0.82% 0.75%

Table 6. Hysteresis band width of the TMS in Fig. 4
and Fig. 10.

Items Thrust Pitch Yaw

Fig. 4(Before) |1.47x1072|1.60x107 |2.26x107
Fig. 10(After) |0.06x107|0.75x107 [1.49x107
Locat-| Input | -0.55 038 0.8

ion | Output | -0.55 038 0.8
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