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L0 quarter plane vibration test
Preliminary fixture design and shaker description



AMS-2.2 - Layer 0 overview Quarter plane modal anlalysis 2

Analysis setting
• 1 point fixation
• Torsion blocked on one 

free sides
• Displacement blocked

on the other
1 2 3 4 5 6 10 17

Full 52.665 65.802 77.342 77.377 130.2 183.65 253.97 436.93
¼ 77.071 183.64 251.24 435.51 543.17 564.58

• Mode 2 to 6 -> correct representation of the 
modes for which the mid line is made of stationay
points

From C.Gargiulo
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Ladder integration on 4/4 planeQuarter plane modal anlalysis 2
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AMS-2.2 - Layer 0 quarter plane Quarter plane modal anlalysis 2
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LEF (1x ladder)

Si Ladder (L12)

U-Plane: 
- 1x QLCS-R


- 5x 12 Si Ladders (L12)

- 2x 10 Si Ladders (L10)

- 2x   8 Si Ladders (L08)

Y-Plane: 
- 1x QLCS-RH

- 1x QLCS-LH

- Total for the plane:


- 2x 10 mech Ladders (L10)

- 4x   8 mech Ladders (L08)

- 2x   6 mech Ladders (L06)

- 2x   5 mech Ladders (L05)

- 4x   mech LEF

U-Plane (Zenith) Y-Plane (Nadir)
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AMS-2.2 - Layer 0 quarter plane Quarter plane modal anlalysis 2
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¼ 77.071 183.64 251.24 435.51 543.17 564.58

• Mode 2 to 6 -> correct representation of the 
modes for which the mid line is made of stationay
points

Upper Cupola

Y-Plane ladders

QLCS

Mech structure skin

Mech structure 
honeycomb

Mech structure skin

QLCS

Lower Cupola

U-Plane ladders

Cupolas*: 
- Top skin: K13D2U/EX1515,                     0.2 mm

- Core: Hexcel CRIII-3/16-5056-.001-3.1,  8.0 mm

- Bottom skin: K13D2U/EX1515,               0.2 mm

QLCSs: 
- Top skin: M55J/EX1515,         0.3 mm

- Core: CF Honeycomb,                        5.0 mm

- Bottom skin: M55J/EX1515,   0.3 mm

Mech structure*: 
- Top skin: M55J/EX1515,        2.5 mm

- Core: CF Honeycomb,                  70.0 mm

- Bottom skin: M55J/EX1515,  2.5 mm

* From Corrado’s presentations



Quarter plane modal anlalysis 2

Analysis setting
• 1 point fixation
• Torsion blocked on one 

free sides
• Displacement blocked

on the other
1 2 3 4 5 6 10 17

Full 52.665 65.802 77.342 77.377 130.2 183.65 253.97 436.93
¼ 77.071 183.64 251.24 435.51 543.17 564.58

• Mode 2 to 6 -> correct representation of the 
modes for which the mid line is made of stationay
points

Quarter plane fully constrained fixation
• Quarter plane mass: ~ 100 kg
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Quarter plane modal anlalysis 2
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Electrodynamic shaker - TIRA

UTTPS space qualification: Vibrations

Figure 2.3: The electrodynamic shaker TIRA

values. Taking the maximum continuous shaker force as reference, and since 𝐹 = 𝑚𝑎,
the limit is the maximum acceleration attainable. For a sinusoidal motion, taking the
amplitudes of eq. (2.6) and eqs. (2.7a–b) rearranging and substituting 𝑓 = 𝜔2𝜋 :

𝑎𝑚𝑎𝑥 = min (2𝜋2𝑓 2 D𝑚𝑎𝑥, 2𝜋𝑓V𝑚𝑎𝑥, A𝑚𝑎𝑥) (2.15)

where Dmax is the maximum displacement (zero-peak value), Vmax is the maximum
velocity and Amax is the maximum acceleration of the shaker. This implies that the
shaker’s effective acceleration is limited by the displacement at low frequencies, by its
maximum acceleration at high frequencies and by the velocity in between. All these
limitations must be taken into account as design constraints for the fixture, which is the
interface between the shaker moving head and the UTTPS.

Table 2.1: Shaker operative parameters

Frequency range: 5Hz - 2000Hz
Maximum force (sine): 45 kN
Maximum force (random): 135 kN
Maximum displacement: 50.8mm (pk-pk)
Maximum velocity: 2m/s
Maximum acceleration: 100 g

23
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Shaker - Horizontal configuration
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Shaker - Vertical configuration
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Shaker - Vertical configuration



Frequency [Hz] Level [g2/Hz] Level +3dB [g2/Hz]
20 0.02 0.04
40 0.02 0.04
60 0.05 0.10
200 0.05 0.10
300 0.08 0.16
2000 0.01 0.02

Overall grms: 5.88 8.31
Duration: 60 s per axis

Random profile - Horizontal Loads
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Figure 1-18: JEM-EF Payload Shock – Input to Payload – All Axes

Table 1-13: JEM-EF Payload Shock – Input to Payload – All Axes 

Frequency 
[Hz]

JEM-EF Payload (Input to Payload) Shock MPE 
[G-Peak, Q=10]

100 80
2500 2000

10000 2000

Verification (SPX-JEM-028-VER): Verification shall be by test or analysis. A test or analysis shall be 
performed to show that the integrated Attached Payload remains contained and intact as to not present 
a hazard after exposure to the shock environment defined, plus 3 dB margin. The verification shall be 
considered successful when the test or analysis results show that the Attached Payload remains 
contained, intact, and structurally sound after exposure to shock environment.

Submittal: Test report or analysis report.

2.5.9. JEM-EF Payload Acoustics

Requirement (SPX-JEM-029-REQ): The JEM-EF payload shall maintain structural integrity (no fractures, 
disassembly, or released mass) when exposed to the acoustic environment shown in Table 1-14 and 
Figure 1-19 plus 3 dB margin. Hardware susceptible to acoustic impingement include large surface areas, 
low mass structures such as antennas, solar arrays, large shields, large thin–walled nonstructural covers, 
and components with thin membranes.

The following notes apply to the acoustic environments:

Pyroshock profile
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Figure 1-18: JEM-EF Payload Shock – Input to Payload – All Axes

Table 1-13: JEM-EF Payload Shock – Input to Payload – All Axes 

Frequency 
[Hz]

JEM-EF Payload (Input to Payload) Shock MPE 
[G-Peak, Q=10]

100 80
2500 2000

10000 2000

Verification (SPX-JEM-028-VER): Verification shall be by test or analysis. A test or analysis shall be 
performed to show that the integrated Attached Payload remains contained and intact as to not present 
a hazard after exposure to the shock environment defined, plus 3 dB margin. The verification shall be 
considered successful when the test or analysis results show that the Attached Payload remains 
contained, intact, and structurally sound after exposure to shock environment.

Submittal: Test report or analysis report.

2.5.9. JEM-EF Payload Acoustics

Requirement (SPX-JEM-029-REQ): The JEM-EF payload shall maintain structural integrity (no fractures, 
disassembly, or released mass) when exposed to the acoustic environment shown in Table 1-14 and 
Figure 1-19 plus 3 dB margin. Hardware susceptible to acoustic impingement include large surface areas, 
low mass structures such as antennas, solar arrays, large shields, large thin–walled nonstructural covers, 
and components with thin membranes.

The following notes apply to the acoustic environments:

JEM-EF Payload Shock MPE + 3dB 
[G-Peak, Q=10]
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Space X - User manual requirementsQuarter plane modal anlalysis 2

Analysis setting
• 1 point fixation
• Torsion blocked on one 

free sides
• Displacement blocked

on the other
1 2 3 4 5 6 10 17

Full 52.665 65.802 77.342 77.377 130.2 183.65 253.97 436.93
¼ 77.071 183.64 251.24 435.51 543.17 564.58

• Mode 2 to 6 -> correct representation of the 
modes for which the mid line is made of stationay
points

Frequency [Hz] Level [g2/Hz] Level +3dB [g2/Hz]
20 0.02 0.04
40 0.02 0.04
60 0.05 0.10
200 0.05 0.10
250 0.08 0.16
450 0.08 0.16
750 0.01 0.02
2000 0.01 0.02

Overall grms: 7.01 9.90
Duration: 60 s

Random profile - Vertical Loads


