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Ma-?‘/“ Mission Profile
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v d Specifications

—_

Performance

= Endurance: 3[hr]

= Max. speed 230 [kts] @ cruise ,
360 [kts] @ dive

s Designated target: Stationary, Precision:
2x2[m]

Technical Data

=  Weight: 250 [kg]

= Payload weight (warhead) 45 [kqg]

s Fuselage length 3.4 [m]

= Wing span 3.26 [m] (fully opened)

= Cost$ 870,000

SATLA-U CDR 6
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_\ S The S-U’s Unique Capabilities

4 and Design

s Carriage Capability on two different fighter planes
F15 and F16

= Endurance of 3hr — Scanning Time Neto
= Metamorphic Configuration — Wing Mechanisms
= Advanced Aerodynamic Configuration

Design

= Performance and Propulsion Model

= Aerodynamic Computational Model

= Aerodynamic Model for Store Separation
= 6 DOF Simulation for Store Separation

= 3 DOF Attack Simulation

= Dynamic Loads Analysis

= Impact Analysis at Separation

SATLA-U CDR 7
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Primary
Surve

Requirements

Alternative
Selection

Guidance and Layout, weights
Control AV SyStems and strgctural
UCSIUN]

. Aerodynamic

SATLA-U CDR 8



Desigh Process continued

T'02

Propulsion

Structural
Design and
Analysis

Performances Aerodynamics DU
Separation
System General Weight and
Arrangement Balance

Homing
and
Guidance

Cost Wing Opening

Evaluation Mechanism

SATLA-U CDR



> sPerformance and Propulsion
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s According to preliminary
performance analysis, a small
turbo-jet engine was chosen

SWB-100

Diameter 166 mm
Length 411 mm
Weight 5.2 kg
Design RPM /6,000
Thrust (@ max RPM, static 50 kgf
exp., sea level)

T.S.F.C 1.31 1/hr

= Inlet design
= Pyrotechnic Ignition

SATLA-U CDR 12
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g k
oo sNPerformance and Propulsion continued

i~

s According to the detailed specifications of the

engine ,an engine-model for performance
analysis was developed:

Thrust Vs. RPM (Velocity parameter)

w
o

=
(@)]
=
+—
(%2]
>
-
e
-

N
o

80 85
RPM [%]
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T'02

Cruise Stage

s The requirement for long endurance leads a growth of the
fuel amount. Therefore, the velocity has to be suitable for
minimum fuel flow (and not minimum drag).

Cruise Velocity VS. Time

15
Time [hr]

SATLA-U CDR
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Ay
oo IS Performance and Propulsion continued

Turn (Maneuver)

n It is assumed that the S-U maneuvers for E—
approximately 10% of the endurance time 6-

s Constant turn velocity was set to 180 kts

7 f
Results Turn Phase Cruise Phase

cruise

Cruise: D Jeruise mm) (Fuel) = =90.5[kg]
Viioe =68 T | s Mgy, =0.2 Imx _ 025
W

W, =203[kg] ( ) =103 C, =1.22

N\

T nM =1.93 ¢ - 588o R;unds ~ 62
—— = Fuel =14.6(k
Traxum =49.7[kaf | T, =41.5[kgf | = (Fel),, [kg]

Total Fuel = 105 |kg|

SATLA-U CDR 15
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2 >,/ Flight & Turn Envelops

Flight Envelope for cruise period, Throttle at Max, Max Weight
e e 7 e
AL

oS L B AN
100 50 200
TAS [Kts]

- -_==- \\\\\\\

Cruise
Work Points

100 150 200 250
TAS [kts]
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Al \ e Flight & Turn EI‘IVEIOPS continued

b L N gp—

Turn Envelope for cruise period, Throttle at Max, Max Weight

~_

Max Manuver

14
TAS = 240]Kis] ol

Thrust =53 kgf |

Turn rate - d¥/dt [deg/sec]

N A OO

at Max, Mean Weight

TAS [kts]

Max Manuver
n=2.15

TAS ~ 240 kts]
Turn Thrust =54 kgf |

Work Points

TAS [kts]

SATLA-U CDR 17



..+ Y&l / Aerodynamic Design
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T'02

Main Features:

= Ogive nose

= VVariable cross section body

= Continuous wing sweep mechanism

= Aerodynamic & Geometric wash-in twisted wing
= Winglets

» Cruciform Mono-block Fins

SATLA-U CDR
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ATIALLY" Wing Design

T'02

Requirements:

= High CL / Low speed working point at cruise

= Low drag design

= Low AOA cruise to avoid unnecessary body drag
= F-15/F-16 dimension envelope criterion

= Maneuverability at dive

‘ High AR design: c¢=22[cm| b=38.26|m| > AR=14.8

SATLA-U CDR
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™ \ S Wing Design continued

N

Airfoil Selection:
e High CL at low AoA - highly cambered airfoil
e High L/D - low thickness

< epa|
3 C,Vs. o, R =9-10
B e

C Vs.C., R =9.10°
| d e

oo

—6-

o000 o

—o—USA35B
E422

SATLA-U CDR
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-l / Wing Design continued

“ - o g

Maneuverability Consideration:
e At cruise: Low speed, High CL, AX ~0.25¢c

e At Dive: High speed 2> much smaller CL is needed > sweep angle

> AX TT > low maneuverability

AX (A:70°)z

Dive

Solution: Wing Slicing

A\

‘. // \ .
-

SATLA-U CDR 21



AT \ o Wing Design continued AN
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CL Distribution Vs. Y, CLtot:l.224

= Original ‘
5| < Customized |

Custom CL
Distribution:

©
N

=
~~
=,
> 0.35
<
~~
|
@)

o
w

| [deg] | Y [m] | Airfoll
4 0 USA35b | Root
5 0.75 E422 | Middle
7 1.5 E423 Tip

SATLA-U CDR 22
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% o . Wing Design continued

Stall Prediction:

| [deg] Cl_max a_stall [deg] | aOL [deg]

a_1 (Cl_cruise)
Root -5 4 1.65 13 -5.56
Middle -2.5 5 2.14 14.5 -6.27
Tip -16 7 2.7 14 -10.87

o At Cruise, middle section is first to stall, at aqn.=16" C .. =23

Boundary layer of E422 Airfoil at a=14.5 [deg], stalling

r

‘ [ [ [ [ [ [ ‘
0.4 | | | | | | | alrfOII ‘
| | | | | | | —5— 61
| |

v

[mi/s] 0

[ T |

Eppler 422, AOA=14.5[deg]

SATLA-U CDR
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Computational Aspects:
= Medium 3D effects

» Transition Mach numbers

= Highly swept, twisted, upper wing
= Non-symmetric wing wake

= Slender body

= [nlet effects

= Store separation calculations

SATLA-U CDR
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AT \ \Computational Model continued

T'02

Drag Model
= Friction drag, by Laminar Eckert & Turbulent Van Driest models

= Pressure drag, Roughness effect by Roskam method

= Induced drag, by VLM Program

Cruise Dive Release
Height [ft] 10[0]0 3000 40,000
Mach 0.2 0.5 0.9

CDO0O-Wing 0.014 0.015 0.18
CDO-Body 0.037 0.036 0.33
CDO-Tail 0.006 0.008 0.026
CDO-Inlet OE-5 E-4 8E-4
Total CDO 0.058 0.06 0.53

= At cruise: K=0.041
= Winglets effect: Reduction of 6% in K > 2 [Kg] of fuel, 2 [Kgf] of D_max

SATLA-U CDR
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\ \Computational Model continued ™
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VLM Model:

Our Extended Vortex-Lattice Model is based on AVL GNU code,
developed in MIT

= 3D Potential, quasi-steady, Linear model

» Prandtl-Glauert compressibility application
= Bodies by Slender body theory, circular cross-section only
= Trim & constrain calculations

= Stability derivative calculations

ittt
,:#‘«'\'%\\\\}!' e

Qopt It
z o
ol
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\Computational Model continued
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T'02

Cruise Calculations:
Srefr =R — 120 C |

=0.113 ¢

e—trim

=-0.387" X, =1.39[m] AX =0.23c

Dive Calculations:

o)

e—trim

=-0.25" X, =1.395[m] A =25 AX =0.68c

SATLA-U CDR
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s \ ~.Computational Modell continued.

¥ W
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Ny R N

[ 1 N°

Cruise: C,

>
O

uonNqLIsig
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SHATLA-U

Cruise
a - 0.8189 ph/2Y = 0.0000 CL = 1.2240 cl - -0.0000
g = 0.0000 qo/2Y = 0.0000 CY = -0.0000 Cm = 00,0000 c
M= 0.2073 rb/2Y = 00,0000 CO=0,11279 Cn = 00,0000 CE L/ Cror
sileron = 0.0000 CO0,= 0.05370 e = 0.5761 £ "
elevator = -0.3873 Clo= 0.05246
_ AVL 3. 26
rudder = [,0000 Treffly Plune
s
ing Y USSR SSS— D i -
\ c,
C¢ C/ Crer 1\ ;
ﬂ
R @ 0.0 @ y 1.0 2.0
Winglet
Y O U e '
Fins

SATLA-U CDR AS
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> s Computational Model continued
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Comparison with Pmarc:

-0.08 01& 0.43 0.69 0.8s

‘Batla-U Configuration, ADA=2 [deq]|

4 727 109.1 1456
[Satla-U Configuration, AOA=2 [deg]

3

SATLA-U CDR 30



..+ > alComputational Model continued
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T'02

Comparison with Pmarc:

Induced Drag Comparison

—6— AVL VLM
~© -Pmarc Trefftz Plane |

0.4

= Pmarc predicts a more negative Cm_a, which may increase

S-U’s static stability margin

SATLA-U CDR
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... > & / Computational Model
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T'02

Store Separation Computational Model (SSCM):

v

- e

-.-:‘, 4 n, - 1 4 AN
' MR
Wy 8 ) [T

am

ww'
S e w0 ) g
. ' }
R |
L

= S-U SSCM code was developed in order to calculate S-U’s aerodynamic
6DOF coefficients with satisfied resolution

= [C,.C,.C,,C..C,.Cy]=f(z.a,8 p,a,r), [uVv,W,pqr] are neglected

» S-U SSCM created a 14,580 calculations bank for the simulation

SATLA-U CDR 32



- 2 &, / Computational Model

N

Store Separation Model:

[C -C_J/C Vs. Az
0.55
9y

m-free —m m-free

g

o
»
(6)]

m-free
o
N

C JC
m

o
O w ¢
w o,
v

m-free
o
N
(6)]

\\ 10° C,Vs. Az

. 4 T T
e \o\ \ —o— =0 [deg]

3 \\ —o— a=-3 [deg] Ll

01 N é? = [deg]
0.05 - - ; ;
0

2 4 6 8 10 12 14 \
AZ [m] K

[C .
)
N

= F-15's effect fades at Z>15 [m]

SATLA-U CDR



> ~_ /Store Separation

T'02

- L A
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b L N gp—

Goals:
1. Verify safe separation of S-U
2.~ Identify flight envelope for safe separation

Tunable parameters in design:

Speed and angular rate of deflection
Positioning angle under wing
Geometry

Moment of inertia

_ NS
~ 0 JC LY V4 L LT

SATLA-U CDR 34



o Solution Method:

\ T7'0Q

A Simulink 6DoF simulation in body axes.

Aerodynamic force and moment coefficients are
interpolated using S-U SSCH.

Flight conditions and the effects of
deflection are treated as starting
conditions.

We tried avoiding asymmetric
deflections and positioned the S-U in - 1=0.0 e
the same plane as the carrier ' 1=0.2 sec

aircraft . ’
1=0.4 sec

The entire separation is with no

steering. |
‘ t=08 sec

SATLA-U CDR
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AT . ResUultS continued 702
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The Euler Angles Vs. Time

=)
(B}
&)
Q
(@]
c
<
—
Q
>
L

1.5
Time [sec]
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..+ .7 &L /Store Separation Summary
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T'02

= The S-U in its current configuration is safely.
separable.

s [he flight envelope that was checked was a
range of vertical maneuvers the carrier can be
performing .

= This range was found to be —-0.6<(g

Future Work:

1. Check of other carrying stations.
2. Check for F-16 as well.

3. Check for range of speeds.

SATLA-U CDR 38



..~ Control & Guidance

T'02

. - W s

Control Analysis Method

V.L.M & ||# Stability & Control
Roskam estimation derivatives

Motivation

= Aerodynamic model
Investigation

= Steering limitations

* | ongitudinal &

Lateral controllers e
design for cruise &

dive

=7

DA

SATLA-U CDR
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Longitudinal &
Lateral
Eq. of motion
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Cruise - Longitudinal Dynamics

longtitude pzmap

L
Z
>
3
£
S)
®
E

r

-0.3

Damping Real Axis

0.0388 Phugoid
0.355 Short Period
SATLA-U CDR




Using Velocity and Height controllers to 3 Second 20 Knots
Vertical Wind Gust

Longitudinal Dynamics

Longitudinal Dynamics
_10¢ <5 0.2; ;
= TTT—— 7 /\ I S
= 0 E 0 ~
- =
-10° S8 -02°
0 5 10 15 20 25 30 0 5 10 15 20 25 30
t [sec] t [sec]
50¢ o 20¢
— (0]
E o ‘ —— OA
c / E
-50° 2 -20" ' :
0 5 10 15 20 25 30 0 5 10 15 20 25 30
t [sec] t [sec]
10 :

a [deg]
T o T

g [deg/sec]
o ol

10 15 20 25 30

t [sec] t [sec]
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4.

v=75
m/s

T 01

bleDR

=150 L) N SSHaIeDDAIt G RRY0)

0.0902 1.73 Dutch Roll
m=250 Kg

SATLA-U CDR
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n O =
- N /Control & Guidance

Steering
= BTT - Bank To Turn opposed to
Skid To Turn

= [ail (elevator) — Pitch and Yaw
= Ailerons - Roll

Guidance
= Proportional Navigation

s Requires the homing head to output LOS rate and
distance from target.

s Sensitivity to wind gusts and homing head bias was
checked through simulation.

SATLA-U CDR 43



ATIAL 3 DOF Simulation

T'02

Main Assumptions

=  The significant motion of the S-U is on the x-z plain
= The dive would start after locking on the target

= Only small roll corrections would be required

Guidance

= Navigation Constant: N=4

= Implementation of the PN guidance in the simulation:

a‘z,demand = _Nv||ﬂ‘y — (g COS 0
Opais

SATLA-U CDR
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\‘J\ 3/'DOF Simulation continued

- L A )
- - -
ww - -

Goals

= Verify required hit accuracy: Square of 2X2 [m]

=  Test the integration of the various models: Flight control,
Aerodynamics, wind model....

Autopilot

= Acceleration controller in order to achieve the required
normal acceleration

= Analog design
Propulsion: Off during the dive

Modes
= Complete wings e
= Sliced wings at o <-6°

= Blind Range - At R = 200[m] the a4, 4, Is taken as the
average of the last 9 4, 4, .
SATLA-U CDR 45
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\ S 3/'DOF Simulation continued AN

Initial Conditions

h, =5000 [ft] , x,= 2000 [m] , v,=68 [m/sec]
a, =0.8 [deg] , 6, =0 [deg], q, =0 [deg/sec], m = 203[kg]

Simulation Stop

= When the S-U hits the ground or when |a|> a,

Wind

= A wind step was added at a predetermined
range to test the miss distance sensitivity to
wind input.
V

wind

=20 knots, tail wind @ R=200 [m]

SATLA-U CDR 46



Simulation Results

> L A
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i~

Trajectory

N

V [m/sec]
|_\
N
o

/
e

AN
yd

N\

-2000 -1500 -1000 -500 5 10 15
Xe [m] Time [sec]

Comments: The green star (*) marks the wind entrance.

The red star (*) marks the slice wing point.

SATLA-U CDR



AT, \ > Simulation Results continued

L gp—

a vs.Time

15
Se vs.Time

N~

10 15
Time [sec]
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...« e/ Structural Analysis
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T'02

= [he S-U Structure is designed to withstand any critical load
that may develop at most extreme maneuvers and at
highest load factors with minimum weight and minimum

cost.

= V-N diagram
at cruise &
attack
stages:

3.5

N Maximum Velocity
/ Attack

Manuvering Limitation
Attack

Manuvering Limitation
Cruise

Maximum Velocity
Cruise

r r r r r r r r r r

0 20 40 60 80 100 120 140 160 180 200

Veag [M/s]
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T'02

. a~L / Wing Development

Material and Manufacture

= Designed for AL 7075 T6 N =1.2 omx=0y/N =575MPa]

= Eventually will be Composite due to manufacture
considerations.

Specifications

= Half wing span = 1.42 m CI \I\
= Chord = 0.22 m

s Skin thickness 1.5 mm

SATLA-U CDR 50
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o g/ Tail Development

“ - o g

Material and Manufacture

s For low cost and weight: Al 7075 T6, Extrusion
Stress Calculations

= [he tail is mono-block and therefore clamped to the
body by a connecting rod.

Specifications

s Skin thickness 1.5 mm
= Half tail span = 0.268 m
= Root chord = 0.52 m

= [ip chord = 0.13 m

m 1rib

s Servo axis

SATLA-U CDR 51



v " T7'02
- . Max. Static Stress andiDISplacements
“ - o g "\'

Flight Condition Max. Stress [MPa] Max. Disp. [cm]

Wing Tail Wing Tail

- . Straight & Level 192.5 0.1 6.6 8e-5

Winglet Design: | ;1 (Nominal)
Cruise (n=2.15)

Maneuvering 370.4 5.7 12.4 0.003
Limitation

Maximum Velocity 413.5 2.8 0.002

Attack (n=3)

Maneuvering 106.1 15.2 0.6 0.01
Limitation

Maximum Velocity 57.8 18.4 (0 c] 0.013

Maximum Wing T T S
Displacement: o . -
-0.2 § §
0] 0.4 0.8 1.2 1.6
y [m]
SATLA-U CDR
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Max. Dynamic Stess

T'02

= The Dynamic loads as a product of step inputs of:

wind and Elevator were calculated.

s [he structural limitation of Elevator step at high

speed during attack is 10 [deg].

Max. Stress [MPa]
Step Cruise (V=68 m/s) Attack (V=140 m/s)
Magnitude Wing Tail Wing Tail
Elevator input

5 [deg] 150 3.4 299.7 115.5
10 [deg] 165.7 9.2 515.8 171.3
11 [deg] 305.2 17.7 170.4

Wind input
20 [kts] 288.4 4.9 453.9 31.6

SATLA-U CDR
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... >~/ /Fuselage Design

L‘____J

= AL 7075 T6

= 3 dividers

o Length' 3.4m ._
Diameter: 368 [mm] ©9'Ve

e w

SATLA-U CDR
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. ¥ ~L / Impact Analysis

L —

T'02

U [mm]

1 1 1 1
(+) (=) H N (=)

N £ (<)} (+]

s [he deployment of the S-U is performed by 2
pistons of 20g impact

= A frequency response is initialized
= [he body response was simulated

o =514[MPa]

SATLA-U CDR
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> & / Wing Mechanism
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= Wing mechanism is designed to change the wing sweep
according to the specific stage of SATLA-U mission

= In order to find a perfect match for the S-U unique mission
profile several concepts were analyzed

Tension Torsion
Spring Spring Screw

= Due to relative simplicity and low weight the ball screw
alternative was chosen

SATLA-U CDR 56
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AT \ . Wing Mechanism continued

System characteristics:

Max. Moment 400 [Nm]
Time for full wing |[2-3 [sec]
opening

Transmission ratio |1:400
Total Weight 3.5 [kqg]

Operation Principle and Components

SATLA-U CDR 57
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2 Batteries 6 Servos Tactical 3 OMNI
UBI-2590 HSR-59952G Communication  Antennas Fuel
Ultralife 180 RC Data Link Kerosene

Flight Computer Imaging and Homing Turbo-Jet
Athena’s EMIT’s Microview LIS e Engine
GuideStar 311 SWB 100

SATLA-U CDR 58



T'02

Seeker

Avionics Unit
Antenna (x3)
Communication Unit
Batteries (x2)
Warhead

Pitot tube

Wings & Wing Mechanism
Fuel Tank & Fuel Control

. Power Plant

. Inlet

. Fins (x4)

. Fin Actuator (x4)
. Hanging Hook

SATLA-U CDR
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..+ &, Layout Weight & Balance

T'02

> & = ,
Component lNeig_:jht @ x [m] y [m] z [m]
Fuselage 37.8 1.81 0] 0
Warhead 45.1 0.52 0] 0
Fuel 106.12 1.37 0 0.02
Wing mechanism 9.79 1.55 0] -0.08
Wings 8.74 1.48 0] -0.16
Inlet 3.52 2.72 0] 0.09
Pitot tube 0.04 0.4 0 -0.2
Seeker 6.8 0.19 0] 0
Engine 6 325 0] 0]
Tails 2.76 3.19 0] 0
Tail servos 0.26 3.13 0] 0]
Data Link 8 2% 0] 0.06
Avionics & Navigatic 2.4 2.27 0] -0.06
Battery x2 2.88 2.46 0 0.05
F. Antenna 0.5 0.5 0] S0
Top R. Antenna 0.5 2.9 0] =0.15
Bottom R. Antenna 0.5 2.9 0 0.2
F. Hook 0.08 1.22 0 -0.21
R. Hook 0.08 1.58 0] -0.16
Tubing 1.5 1.29 0 0.15
Contingency 6.63
Total 250 1.4 0 0
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o e/ Cost Analysis
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T'02

Roskam

Rhaymer

Total Engineering Cost

$ 2,364,040

$ 8,234,590

Total Manufacturing Cost

$ 21,700,073

$ 9,462,327

Total Tooling Cost

$ 4,414,590

$ 3,381,493

Total Quality Control Cost

$ 2,821,010

$ 1,258,489

Total Engines & Avionics Cost

$ 55,460,000

$ 55,460,000

Total Materials Cost

$ 1,380,091

$ 1,151,760

Total Development Support $ 50,145 $ 1,635,264
Cost
Total Flight Tests Cost $ 566,178 $ 4,719,609

Total Project Cost

$ 88,756,127

$ 85,303,532

Single Unit Cost

= The analysis was made for 100 production units, and 5 flight-

test aircrafts

SATLA-U CDR
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L\C|Osing Comments and Thanks”

i~ L —

= We have shown the feasibility of the suggested

platform though additional analysis is required

Thanks and Gratitude!!

Impact
LLZWEWAS

Guidance

Control

Wing
Mechanism

SATLA-U CDR
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7%n (X) = cosh( A, X) + cos(A, X) —

- N W
-
-

> & Impact Analysis detailed

The formulation of the dynamic response:

(EIU")"+pAl = f (x,t)
We assume a solution: _
u(x,t) = y(x)e'

Structural Modes:

(AL) =0, 473, 7.853, 10.996, 14.137, 17.279=2"—1

T

sin(AL), —sinh( AL), , . _
cos(AL). — cosh(AL)- (sinh( A X) +sin( A, X))

Free Modes: (AL), =0 - y =L W =

N L
Galerkin Method: u= Zyxi (x)q;(t) —> Ie -y,dx=0
i=1 0

SATLA-U CDR



> & Impact Analysis detailed

Semi-Discrete System: Mg+Kqg=

If free modes are disregarded then the system is explicit and
every equation can be solved separately:

M0, + K Tgh(1) :kf—i(l cos( al t))

At the end of the impact f =0 and the frequency response
IS:

q(t) = Asin( %t) + B cos( %t)

SATLA-U CDR 64




v dl PN and BTT

= As explained in the PDR the guidance law. is
based on PN and the steering law is 90-BTT.

= This requires the homing head to give the LOS
rate ) and the range of the target.

= [ he simulation will give more restrictions on the
homing head.

m |he combination of PN and BTT isn‘t trivial.

reference

reference

Side View-The longitude Plane

Top View — the lateral plane
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&L PN and BTT continued

*The LOS rate is transformed to body axes. .
It now has a pitch rate and a lateral rate. A = NVM%P
The accel command is: a, =NV, 4,

= The tangent trigo. function, causes
over maneuvering and therefore
should be avoided. We will use a
licensed patent to avoid this.

= In simplified terms, the Ipatent is to
maneuver in the pltch plane
according to @ alone, and to roll
according to aY alone.

= This eliminates the need of using
trigonometric functions and produces
highly accurate responses.
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.. > AL Dive - Longitudinal Dynamics

. = T

3 DoF Dive Simulation required a design of an az
Controller.

aZ vs.Time

2 3
Time [sec]
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Electrical Ratings

Wing Mechanism detailed

Paiaimetes Symbol|  Units
" ' G2
Cont. Stall Torgue Te N-m
3 L= ]
Peaa Togue Te N-m
@-ntvwal
Molor Constant o i
Elec. Tima
Conatan L frisee
Meach_ Time
Cengian T e
2
OZ-n-gec
Rotor lherta J p A
Trarrral n
Fiss s tan o R ek
Oz
Weight W Kq
Motor Leagth L " DA34GBB- ]
mm
¥ of Pokes - - 4
1
-.._,_¥-'~___‘_‘__:_‘__‘_“-—-_“._,3? —
[ | SR T B gy
10 TR
DA 34DBB DA3AFBB DA 34HBB COMTIRIOUS —
Parametler S ymbol Units —1
10 | -11 | 12 | 13 A1 |-12 |13 §-10 | <11 |12 | -13 0 | || INTERMITTENT
Deagn Vollage v ol 24 | 48 | 90 | 180 48 | 90 |160 § 35 | 48 | 90 | 180 0 50 100 150 200 250 300 350 400
Cont. Stall Current” | I ampess |585 |388 |257 |182 635 |3.61 |25 7.0 |4.40 |2.84 | 2. Torque: oz-inches
Pead Curent L ampema 172 |10.7 | 7.5 | 4.4 20 |116 | 74 237 |218 |14 | 93
Vollage Conatant WkRPM | 84 |135 | 195 | 314 129|222 | 351 184 | 202 | 313 |478
+10% Virad/=ec |0.080]0.120]0.185 |0 01230212 [0335)p.176|0.193 [0 298 |0 458
Torque Constant K oz-nfamp 113618262637 424 17.44 [3002 |47 474 88 |27 32 |4 233 |64 64
+10% ! N-vamp |0.080]0.120]0.186 |0 0123|0212 |0 3350.176 |0.193 |0290 0456
Resstanos +10% Ry Ohma [OBS| 2 | 41 |103 08 | 28 | 58 |oa 2 5 | 10
Inductance +10% Lu mH 09 |26 | 5 | 13 1.3 |3z |a2f16]21]as |10a
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AT ‘ o Wing Mechanism detailed

L gp—

16mm Carry” METRIC THREAD

LEAD ACCURACY: +100pm/300mm

Carry Type FB Ball Nut

K

lubrication hole —\

dimensions in mm

SCREW SPECIFICATIONS NUT SPECIFICATIONS

reference . part wiper| ball .| torque
number* number == | refurn
i location

ECS-16020-RA| 16.0] 14. ECN-16020-RBU . ) {06 | Plastic
(ECS- 1605011 (ECN- 160501 18U Flastlc | Internal
ECS-16100-RA ECN-16100-RBU Plastic| External
*Lengths available up to 3,000 mm. See page 154 and 174 to complste reference number  **All nuts with wiper feature an M5 lubrication hole.
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Ehaarniin
margbsd pelion

Fara v dd AT Thg
oz pysE! hi
Fadiakas st
iRzt

mr |

Mominal choks

Abgcorbed 1&
power [W)

Foras a baginalag ot stk 51 5 1 3, 1 03 2.2 EE 0,28 075
Favce st and ol sl ] 1 0E z 10 125 3% F]
Dty oyole 3 fi0% 25% S% f00% 2=% S5% h Z5%
Todal lsnghs of oyals 2mn 2mn Zmm  2mn 2mn
Standard volage L 24 Vo 24 Widc 24 Wdc
Type Push-Pul Push-Ful Pul Ful Full

Inepored reum GErng R aption o pull anly cption on pull only opticr on pul only
Flurgar ratainar ) no mo no

Total walght Tog 160 g IE0g 570 g
Flungsr walght ) =g g ES g ES g

Profsotion rating IFo i [l

Possible varianis [please call us fo define the part numbers)
Datailad technical specification sheets avalabk on mqoest

Ful Full Puzh Push
with spring Fusn-Pul Fush-Ful Fuss-Pul

Etroke imum} 18 mm 21 mm

Dury ayels 100N 4 5
T o beg ol of ek (0] :
Tas ol mel of wisks " 25
Duiy cpcls 5% 5
l-:'-:ll-'-nduhm - : ;;
o st and of side |1}

Supply o . 510 240 ¥do B o 240 Vdic E o 250 vac E fio 250 Wac
acatzce 5o 24 e B 10 vae E b 20 Vo E bz 20 vac & %0 250 Vac

ficn

tarzt: for all orders, pleese spocify: part aumbervoltage-culy cycie. important: for ol orders, please specify: part number-volfoge-duly cycie
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..+ 7 AL/ Wing Mechanism detailed

e L N g—

Pusr
Push-Full

15 mm

r

3J
& to 24C Vac
6 %0 250 vac

cefion on pull ondy
o

250 g
€S g

IPCC
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