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INTERNATIONAL ELECTROTECHNICAL COMMISSION
DYNAMIC MODULES -
Part 6-5: Investigation of operating mechanical shock
and vibration tests for dynamic modules
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1) The International Electrotechnical Commission (IEC) is a worldwide organization for st rising
all national electrotechnical committees (IEC National Committees). The obj mote
infernational co-operation on all questions concerning standardization in the elecifical and & s. To
thjs end and in addition to other activities, IEC publishes International Stangd 3 icgtions,
Tg¢chnical Reports, Publicly Available Specifications (PAS) and Guides E]“IEC
Pdiblication(s)”). Their preparation is entrusted to technical committees; any ested
in| the subject dealt with may participate in this preparatory work. non-
gqvernmental organizations liaising with the IEC also participate in jkj . osely
with the International Organization for Standardization (ISO) in accorda Vi iti ined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matt S possible, an interngtional
cqnsensus of opinion on the relevant subjects since eac i m all
inferested IEC National Committees.

3) IHC Publications have the form of recom i i i e angd are accepted by IEC National

f e e f IEC

F any

4) htions
jence

ted in

5) Independent certification bodies provide conf¢rmity

marks of conformity. IEC is not responsible fdr any

6)

7) employees, servants or agents including individual experfs and

EC National Committees for any personal injury, property damgge or
v S whether direct or indirect, or for costs (including legal fees|) and
€ .publication, use of, or reliance upon, this IEC Publication or any othef IEC

8) Qrmative references cited in this publication. Use of the referenced publicatipns is

pplication of this publication

9) to the possibility that some of the elements of this IEC Publication may be the subjpct of

tent rights~IE€_shall yot be held responsible for identifying any or all such patent rights.

The maintask of IEC technical committees is to prepare International Standards. Howevgr, a

techpical, committee may propose the publication of a technical report when it has collgcted

datale+a-diHferentkindfrom-that-which-s—hermally-published-as-antnternational-Standard, for

example "state of the art".

IEC 62343-6-5, which is a technical report, has been prepared by subcommittee 86C: Fibre
optic systems and active devices, of IEC technical committee 86: Fibre optics.

The text of this technical report is based on the following documents:

Enquiry draft Report on voting
86C/943/DTR 86C/958/RVC

Full information on the voting for the approval of this technical report can be found in the
report on voting indicated in the above table.
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be found on the IEC website.
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the stability date indicated on the IEC web site under "http://webstore.iec.ch” in the data
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DYNAMIC MODULES -

Part 6-5: Investigation of operating mechanical shock
and vibration tests for dynamic modules

1 Scope

This|part of IEC 62343, which is a technical report, explains an investigation of operating
mechanical shock and a vibration test for dynamic modules. It also describes the results|of a
survey, evaluation and mechanical simulation of mechanical shock ang'Wprationesting.|This
repoft covers a study of standardization for operating mechanical shock andwibration| test
methods.

2 Background

The [recent deployment of advanced, highly flexible/optica icatign networks ysing

een accompanied by

putting dynamic wavelength dispersion compensators, »w dgckers and wavelgngth
selegtive switches to practical use as Since these dynamic moqules
incofporate such brand-new technoldgy as i echanical systems), there
are ¢oncerns about the vulnerability o ‘ i ock and vibration conditjons,
which urgently require establishing evatuation s_and conditions for operational shock
and ibration. Standards for shock and vi i yitions as pertaining to storagel and
trangport are already estg ' ¢onditions for evaluating operatjonal
shodk and vibration are nqt yet S

The UIS (Japanese Ind i 3 mittee consequently conducted a questionpaire
survey on the i i of passive optical components and dynpmic
modples in com . TH aled that many respondents confirmed a ne¢d to
stangardize evaluati¢ iti pérational shock and vibration, and some sugggsted
earthquakes, ha S nd inserting an adjacent board as cases of shock and
vibrgtion during dyn dule~aperation. Based on the survey results, the JIS comnittee
evalyated s C iona ck and vibration by conducting hammer impact tests Using
several dynami , compared the results through simulation, and then recommended
spedific i

This| technica is based on OITDA (Optoelectronic Industry and Technglogy

Devglopment—Assocjdtion) — TP (Technical Paper), TP05/SP_DM-2008, "Investigation on
operptionalsvibration and mechanical impact test conditions for optical modules for telgcom
use.

3 Questionnaire results in Japan

The JIS committee conducted a questionnaire on operational shock and vibration testing. The
questionnaire allowed the respondents to specify the optical components to be tested. This
questionnaire included optical switches, VOAs (variable optical attenuators) and tunable
filters among the mechanical components used in all possible situations. The survey covered
18 organizations: eight Japanese manufacturers of mechanical optical components, eight
device makers as users of such components, and two research institutes. Reponses were
received from 14 of these organizations (for a response rate of 78 %), among which 12
respondents specified optical switches, seven specified VOAs and three chose tunable filters.
In tabulating the data, the survey asked questions regarding these three types of components
and described occurrences not dependent on the type of component, the manufacturer and
the user, and evaluation conditions.


https://iecnorm.com/api/?name=120fa00dcd87f89dfba3f9e62e745715

TR 62343-6-5 © IEC:2011(E) -7-

The results revealed a strong need for the standardization of operational shock and vibration
evaluation methods and conditions for such dynamic modules as optical switches and VOAs.
A majority of respondents also requested that hammer impact testing and the insertion of an
adjacent board be included as cases of operational shock and vibration.

4 Evaluation plan

Based on the survey results described in Clause 3, the appropriate conditions for shock and
vibration testing were determined based on an evaluation. The evaluation method consisted
of the following three steps.

a._shock\sgnsor
r by

Step| 1: Measure the shock and vibration characteristics of a board
inserted into a standard rack by striking the front face of the board &
insefting an adjacent board.

Step| 2: Test an optical module installed in a standard rack by repe b in [Step
1. Measure any changes in the optical characteristics of the optical m

Step| 3: Use standard shock and vibration test equipme : s ’ htion
charpcteristics obtained in Step 1 and the optica i dule
obtal|ned in Step 2.

5 Evaluation results

5.1 | Step1

5.1.1 Evaluation of hapimer impact

Board Shock sensor

Dynamic module (470 g weight)

EC 126/11

A board with a shock sensor attached is inserted into the rack. The front of the board is then
struck repeatedly by a hammer, along with an adjacent board being forcibly inserted, in order
to measure the impact and frequency detected by the shock sensor. The handles attached to
the front edge of the rack are also forcibly struck by hand, with the impact being measured as
well. Figure 1 shows photos of evaluating hammer impact, as well as the rack and boards.
Table 1 summarizes the specifications of the rack and boards and the conditions of evaluating
hammer impact and acquiring data.
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Table 1 — Rack and board specifications, conditions of evaluating hammer impact
and acquiring data

Item Specifications / Conditions
Rack size 432 mm (W) x 240 mm (D) x 262 mm (H)
Back connectors 2 pins - 96 pins
Number of boards 20

Striking force (acceleration
intensity)

H (1 800 m/s2to 2 400 m/s2) ~ 210 G
M (1 200 m/s2 to 1 600 m/s?) ~ 140 G
L (300 m/s2to 400 m/s?) ~ 35 G

Places to strike

Top, middle of front panel of board

Board thickness

1,6 mm, 1,5 mm, 1,2 mm

{

Location of board

X

Centre, side

Number of board

One, full size

5

Directions

X, ¥, 2

Data acquisition

Sensing frequency band

Figufe 2a) shows the measurement res
(at 210 G). The location of impact is ‘a
localed at the centre of the 20 boards ins

pact
hick,
d 11
ency

0,01

Power (g)

0,001

0,000 1

=

0,1

y-axis

Power (g)
o
2

0,001

i Vﬁwf *\*“‘ i fmmm
i i

0,000 1
1

Z-aX1s

0,1
E
0 XY g Y
Tlme (s) § |
N 0,001 i L
‘<\//| . 4 | il ".'ﬂ.. )i
AN Z axis L0
|"I 1“\‘.* S 10 100 1000 10 000
' ;‘1 ” i J"‘:\*‘lfh\‘”"" S Frequency (Hz)
|
0 0,05 0,1 0,15 0.2
Time (s)
2a) Measurement results 2b) Fourier transformation data
IEC 127/11 IEC 128/11

Figure 2 — Evaluation results of hammer impact H

The results show vibration time in the range of 100 ms to 200 ms, with vibration amplitude
descending in order of z axis > x axis > y axis. The peak shock (initial pulse) was 5 G to

10 G (in 2 ms to 5 ms).

In contrast, Fourier transform results show a number of vibration
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peaks (at 100 Hz, 250 Hz and more than 1 kHz). The largest peak was at 220 Hz to 280 Hz.
For the z axis, the peak pulse intensity was roughly 0,5 G. Here, the strongest impact was in
the z axis, despite the fact that shock had been applied to the x axis. This is believed to be
the result of drum vibrations on the board. The results of hammer impacts M and L (at 2,6 G
to 4 G and 0,9 G to 1,5 G, respectively) show the almost same frequency spectra and peak
amplitude for the z axis.

Next, the dependence on each evaluation condition (e.g., board thickness, board installation
location, number of boards installed) was examined. The evaluation showed no significant
difference in any of the evaluation conditions. Regarding the dependence on hammer impact
strength, the peak shock roughly correlated to impact strength. A small peak of 70 Hz was
seer in the y axis for hammer impact L. For the dependence on board thickness, therg ere
two peaks in the x axis at thickness of 1,2 mm. The peak also moved gfigh{ly to the Ipwer
freqyency in the z axis. No difference could be detected in terms.g ion“of board
instdllation and board impact.

5.1.% Evaluation of adjacent board insertion and rack ha

In addition to evaluating hammer impact, tests were also cend q a/the insgrtion
of an adjacent board and impact on the handle on the froxt side \Q Yfe Figure 3 shows
photps of the evaluation tests.

.....

IEC 129/11

Figure 3 — P@s : 3 adjacerit board insertion and rack handle impac
An analysis of data\ compared theNpedak amplitudes in the z axis on the graph showing
vibrgti e ansformation. This analysis revealed that peak shodk for
the e adjacent board insertion test (similar to the result for

ham
hammer j

.4 G for the rack handle impact test (similar to the resuj|t for

An ¢ data on the frequency characteristics after Fourier transformatiop did
not reveal significant differences from the evaluation of hammer impact.

5.2 | Step 2

In Step 2, a dynamic module was attached to a board for which the shock sensor monitors
shock and vibration, identical to the approach in Step 1. At the same time, any changes in
optical characteristics (loss) were monitored. Figure 4 shows photos of the board with the
VOA and the rack with WSS (wavelength-selective switch) attached on the boards.
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4a) Board with VOA

4b) Rack with WSS attached on boards

In ag

IEC 130/11

Figure 4 — DUT (VOA and WSS) installed on boards
and rack for second step of the evaluation

dition to VOA and WSS, the dynamic modules listed in Tabl

Table 2 — Dynamic modules used in evaluation @e\a

IEC 131/11

DUT Mechanism /_\ MMnditions

VOA-| MEMS

onptofin es in attenuatlon
VOA-p MEMS (

- tten 20 d
wss MEMS Q Q
Switcp-1 Mechanical (with movable mirror
=] o itoring: changes in insertion loss

Switch-2 Mechanical (with movable fibe{') ~ . %;

M)rmg. changes in insertion loss
TOD( Stepping motdr \Q

"\ ispersion: +1 800 ps/nm

Figu

e 5 shows a@

TOST054 Digat

| || Y P oy |

IEC 132/11

Figure 5 — Oscilloscope display of waveform changes in vibration and optical output

The four lines in Figure 5 appear to be vibration waveforms but actually show (from the top
down) the x, y and z axes, and the optical waveform. The optical waveform (loss change)
shows rapid vibration identical to that shown in the shock waveforms.

The evaluation results did not show changes in optical loss characteristics for the optical
switch and dynamic dispersion compensator, even under hammer impact H.
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Each evaluation condition, shock and vibration peaks, and optical loss change have been
organized as described below, with VOA-1 employed as reference. The VOA was set to
attenuation of 20 dB. Figure 6 shows the results for the z axis.

The graph in Figure 6 shows the shock peaks on the horizontal axis (readings from the graph
on time versus shock (data similar to the oscilloscope waveforms)) and changes in VOA
attenuation on the vertical axis. A positive correlation was seen between shock and changes
in attenuation (optical power) for the x, y and z axes, despite significant variations in data.
The degree of variation ranged from 50 % to 200 %. This variation was considered dependent
on the state of board insertion (such as electrical connector connections on the back),
dispersion of hammer impact level, location of impact, method of VOA installation, and other
factdrs.

2
~ 15
o <
) R
o C /_\
o 1
: o7
2 ¢ /(\ : ;
@ 0.5 O A C @ Hammer impact H
S %‘ o . O o Q\ Hammer impact M
o Qo O .
AN ./ 00 Hammer impact L
0 @E A D ‘ ‘ \Q <j Adjacent board insertion

Rack handle impact

0 5 @15 \)20
W )
N

Q \w 1EC |133/11
Figure tion.r Its>when employing MEMS-VOA for Z axis
5.3 | Step 3

5.3.1

The |princCi ¢ third step is to apply the shock and vibration conditions tp an
optidal modu d in the first and second steps of the evaluation by using standard
shogk and (vibrati test equipment, and then reproduce the shock and vibration
charpcteristies.

Figutex7 shows the MEMS-VOA shock and vibration test equipment; Table 3 listd the
evaluation conditions.
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7a

Shock/vibration equipment 7b) MEMS-VOA on the

Figure 7 — Photos of the MEMS-VOA shock/vibxation te

Table 3 — Conditions for MEMS-VOA vi i
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MEMS-VOA

Sensor
pickup

equipment
IEC 134/11 35/11

Test item

Test conditions /\K g] N \ Remarks

bhock

Pulse width: 2 ms (half sin N Q
Intensity: 10 G, 20 G, 40<G endent on intensity
Direction: +(x), = (y), = (2)

Intensity: 10 G
Pulse width: 1 ms, 2 ms, § ms w Dependent on pulse width

ibration

Direction: J_r/Q<), +(y), £ (2
- ostiiin)

108/Hz, 200 Hz, 400 Hz,

The
char
10 G
leve
Then

Figu
Ther

shock evaluati a directional dependence on the operational shock
Acteristics of\ ME . Ki 8a) shows the shock characteristics for the z axis at

ontal axis showing time, and vertical axis showing optical oytput

e 8b) shows the\dependence on shock intensity as pertaining to a change in optical Joss.
e are increased va

riations in attenuation in line with increased shock intensity.
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IEC 136/11 11

With[regard to the dependence on shock pulse duration, loss
had peen 0,34 dB, 0,38 dB and 0,38 dB for pulse wid AAM'S ms respectively,

Figufe 9 shows an example of the vib
loss fis observed at around 470 Hz.

DN in

)

,,,,,,,,,,, ol oo

,,,,,,,,,,, fE)ameeccacnaaaas
—— O (Opt)

”””””” 0BT Gu(zas)
——————————— 019 +- - - ----------

-0f5 -010 -005 0, 005 010 015

IEC 138/11
Figure 9 — Vibration evaluation results for MEMS-VOA (Z axis; 2 G)

In the evaluation, changes were made in acceleration in addition to frequency. Table 4 lists
the test results. In the text, the change in optical loss rose significantly at 410 Hz to 470 Hz,
independently of acceleration level. This is believed due to the resonance occurring in MEMS
inside the optical module at a certain frequency, resulting in a drastic rise in loss change.
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Table 4 — Results of MEMS-VOA vibration evaluation

1(E)

Aw
man

Figure 10 —j : i s ation system for WSS and tunable laser
Figure 11 shows SS shock evaluation results (dependence on s
diregtion), which 2 > : axis. Vibration evaluation results showed a r
change in optical attenuatiog akarouhd 250 Hz. Figure 12 shows the shock dependenc
optidal attenuarti . Evaluation was conducted with attenuation set at 20 dB|
uppgr limit ttenuagion commonly seen in device specifications. As mea
agaipst ction, attenuation fluctuated widely from 16,5 dB to 40 dB
G. Al sho hange in attenuation of about 2 dB was noted as well. No depend
on ghock p tion”was seen in shock evaluation, yielding the same results a
MEMS-VOA)In“the eyaluation of shock, a significant change in optical attenuation was n
at arjound 250 Hz. THis is believed due to the resonance occurring in MEMS inside the of

Frequency
Intensity 50, 100, 200, 500 Hz 400 Hz to 470 Hz
1G 0,1dB 0,7 dB (465 Hz)
2G 0,2 dB 1,1 dB (470 Hz)
5G 0,38 dB 2,7 dB (410 Hz)
5.3.1 WSS and tunable laser
velength selective switch (WSS) and a tunable LD were also exa im'the 9

ner as was MEMS-VOA. Figure 10 shows photos of the system.

Timable LD (MEMS)

IEC 139/11

ile-at a certain frequency, resulting in a drastic rise in loss change.

ame

hock
sing
e of
, the
ured
t10
bnce
5 for
oted
tical
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Shock test, direction dependency (10G, 2ms)
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IEC/140/11
Figure 11 — Shock evaluation results for pendence)
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Figure 12 — Shock evaluation results for WSS (z-axis direction and shock dependence)

The tunable laser also showed a directional weakness against shock, the weakest being in
the y-axis direction. On the y axis, optical output changed by 0,6 dB at shock conditions of 40
G and 2 ms. In the evaluation of vibration, a significant change in optical output was noted at
around 300 Hz.
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6 Simulation

6.1 Simulation model

Shock and vibration were simulated to confirm the dependence on peak vibration at around
250 Hz relative to board thickness and measurements, and dependence on shock strength on
the x, y and z axes, as well as respective strength ratios. Simulation was only conducted for
the board. Table 5 lists the simulation conditions. Figure 13 illustrates the simulation model.

Table 5 — Conditions for simulating board shock and vibration

Board thickness (weight, material) 1,2 mm (250 g, aluminium)

Board size H:240 mm, D:220 mm (standard)

H:480 mm, D:440 mm
D:150 mm (70 % of sta@

H:240 mm, \
Dynamic module Tunab, dlsp\rs\Nmpenéa\to\é70 g)
Direction of applied shock X am% (fr(?the f\bakt of ard)
Output data of simulation ,\ﬁre %y chgratteristigs (x, y, z)

Distkibution of vibration (dependence on location)

xitm vibratietf (x, y, z)

Remarks c}aisi;}characteristics (decreasing time) :
Q Fit by\testresults
\( W

PA

d boarg’(screws)
-

Fixed by electrical
connector

Centre of gravity of VIPA

Shock 200 G
(x axis)

\Fixed by electrical

connector

Connection of board
and panel

Fixed front panel
and rack

Fixed VIPA and board (screws)
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Figure 13 — Simulation model
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6.2

Frequency characteristics

Figure 14 shows an example of the simulation results. The board conditions are a thickness of
1,6 mm, height of 240 mm and depth of 220 mm. Shock values of 4 G on the x axis, 1 G on
the y axis and 10 G on the z axis were obtained. In the frequency characteristics after Fourier
transformation, peaks were noted at 100 Hz and 200 Hz.
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