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Separation shocks

Easier specified than tested?

Mikael Tibbing M.Sc. Spec. Env. Engineering
Saab Surveillance, Environmental Qualification
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« Combitech

 Surveillance




Saab Surveillance

« Combat Systems

« Radar Solutions

» Traffic Management
- EWAS




EWAS - Electronic Warfare and Aircraft Systems

« CAS (Countermeasures and Aircraft System)
« ES (Electronic Surveillance)

« Saab Grintek Defence (SGD)

« Saab Sensor Systems Germany (S3G)

« EW (Electronic Warfare)
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Environmental Qualification
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"Normal” shocks

® H a rd |a n d i n g S Shock Response spectrum, Q=10

« Separation of adjacent stores .
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Wingtip unit for Gripen E/F




Dispensers for Gripen E/F, pylon 2&3




Gripen aircraft with some stores




Weapon separation — Possible shock sources

» Explosive bolt release
 Compressed air piston
« Piston reaction
* Wing rebounce

» Missile lock passage

11




Separation problems

Aircraft Store Separation Incidents




Weapon separation shock requirements
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ectrodynamic shakers

Maximum Force Ratings for System Configurations

Sine Force (peak) Random Force {rms)}* Half-sine Shock Force*
VE-440 VE-640 VE-440 VE-640 VE-440 VE-640
with SPA30K Amplifier | 4200kN [ 2442 |bf) | 42.00kN{ 9442 bf) | 4714 kN (105981bf) | 39.72kN( 89291bf) | 2454 kN (19 005 Ibf) | 84.70 kN {19 042 Ibf)
with SPA48K Amplifier | 50.40 kN (11330 1bf) | 50.40 kN (11 330 bf) | 56.57 kN {12 718 Ibf) | 47.66 kN (10714 Ibf) | 101.45 kN (22 806 Ibf) | 101.64 kN (22 850 Ibf}
with SPAS6K Amplifier | 57.83 kN (13 000 Ibf} | 55.60 kN (12 500 |bf) | 66.00 kN (14 837 Ibf) | 55.60 kN (12 500 Ibf) | 118.35 kN (26 607 Ibf) | 118.59 kN (26 660 |bf)

®

pulsewidth, 10% pre/post pulse.

V8 Shaker Specification

Random and shock ratings assume a payload approximately twice the mass of the armature. Half-sine shock force is calculated with the standard payload, 2 ms

LDS Shaker Model V8-440 VE-640

Armature Diameter 440 mm (17.32 in) 640 mm (25.20i0n)
Usable Frequency Range dc to 2500 Hz dc to 2300 Hz
Armature Resonance (fn) 2000 Hz 1900 Hz
Acceleration (sine peak)t 1370 mfs® (140.0 gn) 392 m/fs° (40.0 gn)
Acceleration Random {rms)T 980 m/s? (100.0 gn) 392 m/s* (40.0 gn)
E'::'::'ﬂ'::r:f:!f; g?:;?n?:l?m a20kg (925 Ib) 47.0kg (1036 Ib)
Suspension Rotational Stiffness 387 kNm/rad (286 000 Ibf ft/rad) 538 kN m/frad (397 000 Ibf ft/rad)
Suspension Cross-axial Stiffness 27 6 kN/mm (158 000 Ibffin) 29.0 kN/mm (166 000 Ibffin)
Stray Magnetic Field§ Base-mounted Shaker: < 1.6 mT (16 gauss) — Trunnion-mounted Shaker: < 1.0 mT (10 gauss)
Suspension Axial Stiffness 20 kN/m (114 Ibffin)

Velocity (sine peak)T 1.8m/s (70.9in/s)

Displacement (peak-peak)$ 63.5mm (25 in)

Internal Load Support Capability 700 kg (1540 Ib)

Body Mass Base Mounted: 3050 kg (6724 |b) — Lin-E-Air Trunnions: 3250 kg (7165 |b)

Body Suspension Resonance Lin-E-Air Suspension: < 5 Hz — Air Isolaton Mounts: < 10 Hz
+71030°C (+45 to B6 °F)

Trunnion-mounted Shaker: 1320 x 1693 x 1138 mm (52.0x 66.6 x 44.8 in)
Base-mounted Shaker: 1225 x 1103 x 1341 mm (48.2x 43 4 %528 in)

Ambient Working Temperature

Maximum Dimensions
(Hx W x D}
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Test sites in Sweden

Testplats Kraft sinus  Kraft random Kraft shock Slagldngd ikt glidbord Vikt Gvrigt Delning Glidbord Expander Tempomrade  Kontakt
Intertek Ifa Hakan Martensson 070 8750075
1446 1340x1216 610x610
Ling V8 57.8kN 6BkN 118.4kN  +/-31.75mm 41.6kg 815kg F0FOmm 920600 57.4kg RT
Ling V354 ADkN 32.7kN ? +/-12.5mm 37.6kg 46.4kg TOwT0+cirkel 500x700 RT
S Ghg Jan Schloenzig +46 31 794 BB 66
1374 1220x1200 6BOxG30
Ling V875-L5 35.6kN 35.6kN 106.8kN  +/-25.4mm 28.9kg 63.5kg | 69.B5x69.85mm | 660xE00 45kg
D585
Ling V824-L5 26kN 24kN 48kN +/-25.4mm 27.4kg 37.4kg  69.B5x69.85mm  G00xG00 S4kg
AN Linkdping Christina Johansson +46 102163352
1000x1000
Ling 85415 34kN 27kN +-24mm T070mm 600x600 3506600 RT
1000x1000 600x600
Ling 964L5 BOKN STkN S3kN +-24mm F0x70mm GO0xG00 600x1000 -50 — +85C
BTC Karlskoga Gustafsson Per-Ake < perake.gustafsson@testcenter.se> 058684023
B3 kg 1300x1000
ETS H124BA 120kN 120kN 235kN  +/-31.5mm ? armatur F0x70mm 800x800 D800 -55 - +100C
Ling954Ls 40kN ¢ 2 +-25mm ? ? J070mm 1265x1216 D585 -46 - +100C
Ling954 A0kN e 2 +-10mm ? ? J0x70mm 1265x1216 D585 -55 — +100C
InnventiafRISE Kista (Packforsk) Ackrediterat lab Torben Jacobson 076-B767058 torben.jacobson@rise
Ling 964-L5 J1kN B0kN 100kN +-25mm ? ? J070mm 910x380 Dg15
Ling 964-L5-2 BIkN BOKN 160kN +-25mm ? ? J0x70mm 900x300 D15
Ling 964-L5-2 Klimat BBkN BOKN 160kN +-25mm ? ? T070mm - D560 -45 -- +80C
Ling 875-L5 35kN 31kN 107kN +-25mm ? ? F0FOmm 7506750 D645
BOKNV +/-100mm V 1-200Hz
Schenck bi-ax 30kNH +/-125mm H 100x100mm | 11001101 dgrms
Schenck single-axis
SP/RISE Bords Andreas Anderson | 010-516 53 53
LDS v854-440 556 50 25 F070Omm €a%00x300 knappt 300x300
ETCM 68.7 137 318 J0x70mm €a%00x800 knappt S00x900
LDS B26-LS 142 50 5 F0x70mm ca%00x300 knappt 300x300 .
Servo-hydraulisk 4-ax, 5ton 35/60kN Martin Olofsson 010-516 53 10
Kommande 74 222/180 76 0x70mm Flexibelt ? Klimatskap
Saab Training Huskvarna ? Hakan Hedbjdrk 036 38 84 17
LDSVEE4 Combo 39800 +-25mm 7506750 D800
MWL KTH Stefan Jacob <sjacob@kth.se> 0721486242,
Ling 964 ? H ? 38mm F0x70mm Ur funktion -
Pyroshockmaskin!?
Delta / FORCE Vasteras/DK Ackrediterat lab  https://se.madebydelta.com/tjianster/vibrationsprovning/ infose@delta.dk
IMv?? S54kN 54kN 108kN +-50mm Stort
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But...

SHOCK Performance Curve

ACCELERATION g Pw) ACCELERATION (mn*])

d ey HUALT BINE

Performance should be specified according to ISO 5344. .. A

The Shock performance is dependent on many different
variables including pulse shape (half-sine, trapezoid,
sawtooth, etc.), pulse peak amplitude, pulse duration,

test load weight and load dynamics.

Furthermore, the specified shocks were not specified as
classical shock pulses, but as SRS.

L] T T T .

Different control systems push the limits differently hard. * ‘ i - o~

PAYLOAD N ADDITION TO AFAATURE )

120w Uity Decbor Cosp Q1040C

=> Comparison of shock test performance is difficult without actual pre-testing!
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Shock test machine testing?

Mechanical Environment
Shock test machine AVEX SM 110 MP SRS Profile Q=10
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Max. load: 90 kg
Velocity at impact 10
without load: 10 m/s 10 100 1000 10000
70 kg load: 7m/s Frequency [Hz]
Max. acceleration: 30009
With shock amplifier: 30000 g
Pulse duration: 0.1-24ms
Pulse form: Half sine
Table size: 405 x 405 mm
Hole spacing: 70 x 70 mm, M10
Max. Stroke: 430 mm
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Component testing with shock amplifier
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