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A Study on the Development of Control Loading System for Helicopter
Flight Training Device

Dong-Ju Han and Sang-Haeng Lee

Key Words: Helicopter Flight Training Device(Z 2] FH

System(ZF % AA7dA])

H| 3 FA X)), Control Loading

Abstract

A study on the development of control loading system for a pilot command in the helicopter flight
training device is performed. The key issue of the device is how to provide closely the real feeling of
the stick forces to the trainer during the flight training. Focusing on this proviso and considering the
suitable approach than the complexity of the hydraulic system, we adopt the AC servo motor system
although its inherent disadvantages such as the torque ripple and the stick-slip friction effect at a low
control force. However, we overcome these detrimental effects by introducing the appropriate control
device and the robust structural design of the actuating system, thereby the feasibility and applicability
to the system can be obtained by showing good performance, meeting the required specification.
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Table 1 Design requirement
FWD (mm) | AFT (mm) Max Force (N)
Longitudinal 133 -182 65.7
Lateral 158 -158 539
Directional 88.5 -88.5 131.3

Fig. 1 Total configuration
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Fig. 2 Design configuration of actuator mechanism

+1msecAAog < 2msec AR
022 X 2O1gY Ol U2 &9

- WA OIE Y Stick R
AHOIGIA 2R3 = B e
SCHE BH YL B3R

» 2E4 Bandwidthis 9 2000 Hz

< i mgecktA oz
ZEHUE AT

Fig. 3 Control diagram
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Table 2 Specification of servo motor
g AL &
A7 EA 3.18 Nm
47 &Y 1.0 kw (34 220 VAQ)
AR ALE 3000 rpm
A 1.22 x 10* Nm?
21 ALANHAN A5 3.1/19 msec
Az &g Incremental, 200 pulse/rev
Table 3 Function of control system
T A4 7N oE
-Cyclic Stick¥} Directional Pedal®] Z£¥ &
WA A7)
R
PREH ) g zzas suwans a9 93
L
X - . -
M I EE R LR EERIRER
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wHAQel | FolHZ Hg
ALEH | 389 o4 Ao} 7Hsd pC v]uke] PCIY
DSP SlEj#H o] =87
. Y 2FEHe] 53 3 snw Hoji: ¢
‘x;.[:_‘{ll .
T EQNIE AL
EEA -Collective Pitch Lever®] FAHQIZRE =%
=131 Zglo] BH
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o R AL ELEE L
" FAz 74
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dEd wlelste 1 Ar|vt Frkeke S Rol

W, 9371 54l ot oie] wEE Bag ua

S5 Qduh Yukoz A zEwEe P Fig
H

2 34

oflzt 2FH 3 Ao BHME DEtA]7]
wizol] 2FZboll Tl Al Wb el A= w4
eje] dlojele} Al 2FY Ao diF =FU
o] WYdole]E ugostozRE AL o
2HE 2T HAE 2FTHY WA WHIAI|L,
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= HtE oz WAl F3 A4 (scaling factor)E ©]
9t} I2E AFHAAE dHE 2FHEY Vg
719k @Al HAAEE HF At 2FHAA
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SNEE A8 oF ArollNe =
AE At AZRE7E AX HFTHLZ AR

2E 9 EFRRE 2F s SN
A4 FEE 2FH AojRe Y42 Fig 57
Aoh. 23H L LI HFAHY 2F N
A4} 7 A (outer loop) 30~100 HzZ2 AXbsle A
B A o] FZ(inner loop) 1 kHz o]¢9 1&o =
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Fig. 4 Typical behavior of CLS
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Table § Specification of CLS

TMS320C31, 32bit,
FEAFY AN 149
Interface PCI Bus Slot

1 ~ 4 msec 7t¥
8414, +10V, 32bit #3015

DSP

Sampling rate
Analog ¥
Alz=5] vo §1H

Aag vo &4

Amp-Fault, In-Position
Amp-Enable, Amp-Reset

SEEREIOE! 849, 37b718 A
- (negative, positive, home)
Digital /'O 9, 9 2 324
Analog %19 434, 12bit Bl
Aol off 4 438, S5/91X A
] o control Laws |
B oo 1 CTme
; Inner Loop
+ | actustor outer Loop
! H Contro/
oL | Aorm Controt System
: H Matt Madol
bwi:sngﬂ
'F]lgglcuwdposmcn

Fig. 5 Concept of control system
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o} Ao T = MRREEE F557] f18 Mu
2B @z 918 HAF(-10-+10 VDOEA] o]&=
EI%(Table 2 A EREE AF A& Alojsy] At
AFASE HEE, Aojr[29 cLs A% 35
Z(feed back load signal)t Z=AZHE|(Table 6
) Azz HEse SAHD. olHE EA
Zt= Aojrle HEH Ao} dxeElee AJAY
2 AA APE A HHY gk Agae Al
Hog =25 n 1 ZI}E Table 49 2t)

o T o Y >

Table 4 Control gain

ol AR g Az
w2 AL 0.8
HEA 0.1
Wizl Al 10
efel=¢] Ak - 3tgh(otd g 1) +500.0

‘achuator force

Fig. 6 Control digram of control system
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Fig. 7 Compensation logic for motor control
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Table 5 Information for control signal status

& & 498

= System Power is available

Standby ®  Sevo Amplifier is disabled

= System Power is available
Initializing = Servo Amplifier is enabled
* Contraler & Model Loops Initialized

= System Power is available
Active = Servo Amplifier is enabled
= Controlter & Model Loops are runting

®* System Power is available
Di . * Sevo Amplifier is enabled

ISCNZABNE " Controller & Model Loops are fade in to initial
mode

= System Power is available

* Servo Amplifier is disabled

* Fail condition is detected by the safety system

« Fal condition is indicated by the safey stams
word

= ECLS system continue to record the failure status
until the Host asserts a RESET command

Fail

# System Power is available
Resetting " Servo Amplifier is disabled
= All fajlure messages are cleared

?End of Training

Standby
off

Initializing

Failed

L

Fig. 8 Flow work of control signal status

Initialized Disengage
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Table 6 Specification of load cell

g = Ab %
Ao &F N 98, 490
A £8 (mV/V) 2+ 1%
v 4 & A /Hysteresis/Repeatability 0.03% °]
Bandwidth (-3dB) (kHz) 5
7] At (VDC) 10

Fig. 9 Configuration of test apparatus
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Fig. 10 Operational program GUI
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& A Jzi T2y, o 488 2o
63 2t} QriME F 7Y &ER

2, £58 L5 "(free control mode)S} 3}
S8 2 =(spring control mode)E A FATE A71A,
TR eE4EEe 2Fugo| vpEd F nAEA
FdEe 5719 Qo 2E2E oF WEo] =
F09 A L8 AT HE LIS,
ol 7iZe cLsSY EadE, vk 9 FZ(back
lash) 5 7184 AA/AZe] SHEE HAHN7
A% FEAEE gnisith g, 753 FREE

A= CLSO%W ZN1EHe 2 frlHe EIESH
7NFEAA EAEkE vdE f /4 5o JHS

force (N)
N
1

-10 T T T T
-2 0 2 4 6

&
FS

control position (°)

Fig. 11 No loaded operation mode
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Table 7 Performance test result

FWD AFT Max. Force
(mm) (mm) ™)
Longitudinal 212 =212 1333
Lateral 190 -190 118.6
Directional 119 -119 204.8

50
40
30
20
10

o

.10 .

-20 +

=30+

.40 4

-50

60

force (N)

control position (°)

Fig. 12 Loaded operation mode
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