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It is necessary to design a suitable nozzle shape to achieve a Mach number in the
trisonic wind tunnel (TWT). The nozzle shape of the Agency for Defense
Development (ADD) TWT has been developed manually. This method results in
a long setting time and some human errors. In order to address these problems, we
propose a variable nozzle automated system for ADD TWT. It consists of an
automated jack screw and nozzle plate protecting parts. The experimental results
show that the proposed system yields better productivity and repeatability than
the conventional nozzle system for wind tunnel tests. It can contribute toward the
fast production of accurate acrodynamic data.
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Table 1 Components of conventional variable nozzle system

Components Specification
210 bar, 20 gpm

4 inch X 2 ea / station

Hydraulic pump

Hydraulic cylinder

Nozzle plate 410 stainless steel

Motor 1/4 hp Induction motor / station
Jack screw 5 inch x 2P ACME THREAD / station
Power train 50:1 Worm gearbox & Spline / station

Precision 1/1,000 inch

Fig. 1 Conventional variable nozzle system
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Fig. 5 HMI for nozzle automated system

I AZ A n - 1o

78

Fig. 7 7hd =
nfst Rk AAshA

FES] 52 34

&2t Aojol] o3 A 2379} f} AUHE

2 AFT, B3] w3 A 2359 914

A R BELERA A2H 2977}

I

A A MBEE Aol SA FA(S-curve) FHIZ FYHES T
stk s F 2ol el F X7} YHHH HEEEE =

T 9219 0~10 % TRHE 7K, 1090 % TR 545,
SAL AR w3 MEEE &4 A IE

% TR 1

(overload)7} AT ¢ R E=glo]H |

& 3] 99

90~100

A =
aEE T

ou o

37 299 1.5 02 293 4% ARTE)

TEEE AANA A2dle Baainl

Main Screen
- . Data .
Driving Wind Test Analysis Setting
| [
' Y v v
Nozzle Manual Test Trend System
Change Change Config. Config.

Fig. 6 HMI structure for nozzle automated system

NOZZLE CHANGE
AUTO START

HYD' LOW CN (TOP)

FLEX PLATE RELESE
ON {TOP)

HYD' LOW ON (BTM)

FLEX PLATE RELESE
ON (BTM)

l

Iﬁ

HYD' POWER OFF

SERVO MOTOR READY

> HYD' LOW ON (TOP)

HYD' LOW ON (BTM)

i

FLEX PLATE CONTOUR
ON (BTM)

HYD" HIGH ON (BTM)

POSITION SENSOR
DATA SAVING

Ih

HYD' LOW ON (BTM)

HYD' POWER OFF

i

| SERVO MOTOR START |

NOZZLE CHANGE

AUTO ACTION
COMPLETE

HYD' POWER ON
HYD' LOW ON (TOP)

FLEX PLATE CONTOUR
ON (TOP)

HYD' HIGH ON (TOP)

POSITION SENSOR

TORQUE LIMIT ALARM

DATA SAVING

Fig. 7 Flow chart of nozzle control



Journal of the Korean Society of Manufacturing Technology Engineers 27:1 (2018) 76~81

8 e
P?—— Ao 4757] 9
02 F3f3)a Aelsled
Jol=o] AAEe 2 Ql7}e g u@ U 2 QEES
A2] 5671 2-¥l
i_.ﬂﬂé 389 T E 29
l 159} SIAAA
(potentiometer) S A |3}
9] 24 ANg £ vas
7} 2Eolell ) Wlshe A
(industrial network)E 01%0}04
PLCE= 5jd|olEf o] ths £+
o tgsh= 2215 HE 21
e 3 HMIol 7hH =29
23
AN2zH BE Aol Aew 7 MM 758 o) 7).
2% HE PHE 294 w2 A 2358 T5a] 7 vl
ol S 7221 950 H&sHA K8l YeAE B
d &tk g UE r|E 29A= A 2377} 2F os) 33
A A 1AE] J=A FUEor AHHT. QHAEY
YrE 293 e =5 %a]o]e,] I wde AAGTE AR Al
A 2t nfet ol e F SH0]EY] W99} I v
A&} B A 2HL o] AAEA oWl E(event)/} EHAYEIH
Table 29} 22 HE524HE ARG 59] g ST0|E| Il
F9e a7 98l 94 Al
mm ©13 wek (B) +2.42 mm 7T
2+ HAETh

%2 A A28
J@& YEY2
gk, Aol
A5 A o)
59, OIEH

g A%

el o

53

= 3

L= Ao

OXI—=

R B A|2HOIAE w2 SHlo|E Qb4 S E 9la) 2y
E elu)E 2914, mEdx eu]E 290, e wF

Table 2 Protecting action for events

Sensor name State Jack Screw Hyd?auhc
Cylinder
ON Hold Don’t care
Stop-nut -
OFF Action Don’t care
ON Hold Hold
Lock-nut B ]
OFF Action Action
ON Hold Hold
Overstress
OFF Action Action
) (A) Hold Hold
Potentiometer B .
B) Action Action
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Table 3 Statistical results of displacements

Mach Number Average j;i?i?;i Standard error
TOP 0.980 mm 0.0111 mm 0.0020 mm
16 BOT 1.054 mm 0.0066 mm 0.0012 mm
0 TOP 0.933 mm 0.0197 mm 0.0036 mm
BOT 0.998 mm 0.0069 mm 0.0013 mm
4 TOP 0.290 mm 0.0021 mm 0.0004 mm
BOT 0.319 mm 0.0052 mm 0.0009 mm
TOP -0.489 mm 0.0037 mm 0.0007 mm
>0 BOT -0.454 mm 0.0049 mm 0.0009 mm
TOP -0.633 mm 0.0055 mm 0.0010 mm
0 I'BoT | 0595 mm | 0.0076 mm | 00014 mm
EEREL
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Table 4 Comparison of productivity for wind tunnel test

Conventional system| Proposed system
Motor speed 1800 rpm 1800 rpm
Man power 2 1
Elapsed time 1602 sec. 104 sec.
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