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Safety monitoring and testing technology for helicopter near
ground flight in flight tests

Jiang Hongna Ma Yaping Cheng Juan

(Chinese Flight Test Establishment,Xi'an 710089, China)

Abstract: Helicopters are widely used in the field of general aviation due to their excellent low altitude performance. As
a key capability for helicopter flight performance, near ground maneuvering flight is an important subject in helicopter
flight testing. In order to ensure the safety and controllability of helicopters during ground maneuvering flight tests,
real-time monitoring of some key parameters during helicopter flight is necessary. In response to the testing
requirements for close range measurement of rotor tail rotor and real-time monitoring and alarm of aircraft near ground
height during helicopter flight tests, key technologies such as matrix laser ranging technology and platform control
algorithms were studied to determine the design plan for key testing technologies for helicopter near ground flight.
Based on this, a helicopter near ground flight safety monitoring and alarm system was developed to achieve high-
precision measurement within a hundred meters of ground height during helicopter maneuvering test flights, with

accuracy and time delay meeting the requirements of flight test. This has important reference significance for the design

of future helicopter flight test systems.
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Fig.1 Schematic diagram of rotor tail boom spacing

measurement system
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Fig. 2 Schematic diagram of pulse laser ranging principle
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Fig. 3 Matrix-type laser ranging principle
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Fig.4 Matrix laser timing
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Fig.5 Early warning algorithm flow chart
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Fig. 6 Schematic diagram of high-precision measurement of

laser close-to-ground height
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Fig. 7 Control system block diagram

e IR T B M 5 B B R SER 0 T PID i
L,
e R
ds(t)]

1 1
u(t) =K, [s(t)JrTlLe(r)drﬁLTd &

K LR A% ek o Bl 22 5k 5 HIOAK & 9 B L I R D B £

w(®) =K, {e(t) +Ti25<1) T, [e(t) —et —1)]}

D

(2)

Kb K, NI REG T, BN T, s ;
e () Ny ¢ I 2B i 22 L BCAEL M

e(t) =r(t)—yQ) (3)
b r () e W2 EE v (O 4 ¢ 2 IZPR1E

R F i =R RES 8. &5k, KiEm &
BEE Oy LA L TR P B A 2R G X0 o R i A Y g 7 3K
Bl FE4R 5 RS BT, 10 SR T Y Lo R B K, R IR 3 R
T ARG 57 4 B-JE A R i 28 0 0 2K SR AT AR i il =
B, 8 o 5 # & & (proportional integral derivative,
PID) fj H AT LA 5E . V- 65 J8 s 5 EAENT 3 s 1K B HUE 1 Fa
EARE,

3 RARAFENASRIE

ELTHALAT AT 4 4 4 O R BOR T BT LI
LS RAT 2 e s 5 BUE . AR SCRLE LR 4 s S
T A A 558 oK A B e 3 2 R B0 B A 5 A T R R A
AT TET 2 3 VR G T U At B R R 5 SR AT 1) T AL
AT T AL Sl B TR AL 2 A I U R 4 LT
HLAE s TETAL B0 AT v 23 Ik 2l 22 42 T A 7oK

JiE B AT B I i ARG TS T PR T
22002 I A B P R M AR A T 0 2 R O T K
JIE 3 M7 9 SRl L A ke LT HILE SR S IO TN B o A



PR L RATIR B P A LI R kAT S A B R HE R

%22

DT S G BER R  JERD T R BE BT AL JE B R R I s
EHEARWMAZ A EENETREUT BAVLE T 0
BER BRI IR LA N 55, ARG 8 ik, Bik
FEFRINT -

)R JE B - 0~10 m, 78 Bl AT %

D HER 2.5 mm KGR LT 1004

3)BF A FEIR . <8, 5 ms,

8 HeHE R EN S EE RS
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