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Launch Vehicle Payload System Safety Program Plan/Safety Data Package Template

1. Introduction

The format attached to this document is a template of a “System Safety Program Plan” and a “Safety
Data Package” which is an output of JMR-002 “Launch Vehicle Payload Safety Standard”. This
template describes the results of hazard analysis for typical payload launch site operations based on
previous safety review experience and is intended to assist payload (PL) organizations in preparing
the documents.

This template is intended to be freely rewritten for use by PL organizations depending on the nature

of the payload they are developing (the information in this template are not requirements). This

template is also intended to describe the results of a general hazard analysis, which may not
necessarily match each payload analyzed by the PL organization. The PL organization should evaluate
hazards carefully and comprehensively. If a hazard is identified that is not included in this template,

an additional hazard report must be prepared. If there are no hazards other than those listed in this

template, the hazard identification is considered complete when this template is filled out, and the

submission of the “hazards identification summary” “Hazard analysis table” “FTA” in JMR-002 may

be omitted.
Note that this document does not preclude hazard analysis using the conventional hazard report

format specified in JIMR-002.

2. An advantage of using this template

JAXA's safety review consists of two stages: an engineer review by the "System Safety Review Panel"

and a management review by the "Safety Review Board". If this template is used and there is no

unique hazard other than the hazard report in the template, as shown in the figure on the next page,

the review by the Safety Review Committee can be omitted, which has the advantage of shortening

the period until the safety review approval.
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E Yes

No
No Yes

1-2 weeks

2 weeks 2 weeks

*No review by JAXA
Safety Review Board
report only)

*No review Ry JAXA
Safety Revigw Board
report only)

3. History of creating this template

In order to optimize evaluations related to safety analysis and clarify review points in safety review,
it was effective to clearly indicate hazard control/verification measures that have a proven record of
safety review in past satellites. Therefore, referring to the format that has been successfully used by
the ISS, the STD-HR format was created in JAXA, and its application was started from the small
satellite. Later, while revising the format, the application was extended to launch vehicle payloads
other than small satellites.

In revision A, the following revisions were made due to the revision of JMR-002D and the change of
the review scope of the JAXA System Safety Review Panel (SSRP). (Revision B has only minor
corrections)

* Hazards related to the safety of personnel only (so-called occupational safety) were excluded from
the scope of SSRP and were deleted.

* The scope for carrying out hazard analysis on the payload alone has been changed to "From the
time of arriving to the launch site to handing over to the launch vehicle". Hazard analysis during the
period from the time handing over to the launch vehicle to payload separation should be based on
the documents presented by the launch vehicle
In revision C, the following full revisions ware made due to the revision of JIMR-002E.

* The STD-HR format was extended to the template that covers the entire safety review submission
material (Including System Safety Program Plan and the Safety Data Package).

* Revision D has only minor corrections.
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* In the revised E, the advantages of using this template to shorten the review period were

introduced, the hazard report template was updated to reflect the lessons learned of the past safety

review, and a compliance matrix for JERG-1-007 “Safety Regulation for Launch Site Operation” was
added.
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1. General

1.1 Purpose
This system safety program plan prescribes a program plan to be implemented to prevent accidents that may
occur at each phase from the arrival of the spacecraft A to the Kagoshima Space Center (KSC) to the separation
of the payload from launch vehicle after launch from the KSC, to protect human life, properties, and
environment from accidents caused by the development of the payload.

1.2 Scope
This document applies to the system safety activities to be performed by the spacecraft A project for the above
purposes with respect to the design, manufacturing and launch site operations of the spacecraft A. In the case
that the operation is to be performed in the premises of JAXA other than the KSC, the operation is subject to
local safety requirements, etc.

2. Related documents
2.1 Applicable documents
€D) Launch Vehicle Payload Safety Standard (JMR-002D)
@) Safety Regulation for Launch Site Operation (JERG-1-007F)
(3 Document specified the safety design to be implemented by the payload designated by each launch
vehicle (XXXXXX)

3. Implementation items

3.1 Organization and implementation system

The scope of responsibility is as follows:
(1) The scope of responsibility for system safety activities
The spacecraft A project promote and ensure system safety in the design/ fabrication, etc. of the spacecraft A in
accordance with the applicable documents.
In addition, the spacecraft A project coordinate with the JAXA Safety and Mission Assurance Department
regarding the data required for the safety review, submit the data, and undergo the JAXA system safety review.
Figure 3.1-1 shows a chart of the system safety management organization.

(2) Implementation of system safety activities

The spacecraft A project perform hazard analysis (hazard identification, risk assessment, hazard analysis in each
phase, preparation of hazard reports, and safety verification) of the launch site operations (from the arrival of
the launch site to handing over to the launch vehicle) in accordance with section 4.3 of the applicable document
2.1 (1). For the launch phase (from handing over to the launch vehicle to payload separation), hazard control and
safety verification of the payload are established in accordance with the applicable document 2.1 (3)

(3) Application procedures for government agencies

The application procedures for the safety of high-pressure gas equipment for space use are in accordance with
the High Pressure Gas Safety Act.

The application procedures for the safety of radio equipment are in accordance with the Radio Act and related
regulations.

The application procedures for the safety of pyrotechnic devices are in accordance with the Explosives Control
Act, etc.

The application procedures for the management of spacecraft are in accordance with Space Activities Act, etc.
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3.2 System safety review method

(1) Asshown in figure 3.3-1 the spacecraft A project undergo two JAXA system safety reviews in Phase 0/1/11
and Phase Il for the launch site operations (from arrival to the launch site to handing over to the launch
vehicle). In the case of a series payload/reflight payload, the treatment of the follow-on payloads should be
described (e.g. the follow-on payloads undergo one JAXA system safety review in Phase delta I1/111)

(2) For the launch phase (From handing over to the launch vehicle to payload separation), the spacecraft A
project submit the results of the payload hazard control and safety verification to the launch vehicle in
accordance with the applicable document 2.1 (3). (The JAXA system safety review is to be undergone by the
launch vehicle).

3.3 System safety activities in each phase of development
Milestones for system safety program activities are shown in figure 3.3-1.

Safety activities is conducted in each phase and the results is subject to the JAXA system safety review. If any
changes occur after the Phase Il safety review, the JAXA system safety review is conducted as necessary.
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Figure 3.1-1 System safety management organization
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Figure 3.3-1 System safety program activities in the life cycle
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1. General
1.1. Purpose
This document describes the results of the Phase X system safety evaluation of the spacecraft A as a

data package based on the “Launch Vehicle Payload Safety Standard”.

1.2. Scope
This document is applicable to the spacecraft A from arrival to the Kagoshima Space Center (KSC) to
the launch site operations, through launch and up to the spacecraft separation from the launch

vehicle.

2. Related documents
2.1. Applicable documents
&) Launch Vehicle Payload Safety Standard (JMR-002E)
2 Safety Regulation for Launch Site Operation (JERG-1-007F)
3 Document specified the safety design to be implemented by the payload designated by
each launch vehicle (XXXXXX)

3. Description of the payload/GSE
3.1. Basic information of the spacecraft A

Table XX shows the main specifications of the spacecraft A system.

Table XX Spacecraft A main specifications

Launch date 20XX

Design life X years
Launch vehicle H3 launch vehicle
Operating orbit Sun-synchronous orbit

Altitude 630 km

Inclination 98°

Dimensions at launch XXXX mm x XXXX mm x XXXX mm

Launch mass 3000 kg (Wet)

Paddle generating power X kw

Bus equipment Battery: 1 unit

: Lithium-lon Cells XXX Ah (X parallel, X series)
Solar array paddle: 2 wings

: Retention and release mechanism: pyrotechnics

Ka-band antenna: 1 unit

4



: Drive mechanism: NEA (Pin Puller)
S-band antenna: 1 unit
Hydrazine mono-propellant thrusters (XX N): X units
Propellant tank: 1 unit (filled with XXX kg of hydrazine)
Heat pipe: 1unit

Mission equipment X-band antenna: 1 unit

: Retention and release mechanism: NEA (Split spool device)

3.2. Overview of design and function of the spacecraft A

Figure XX shows a block diagram of the spacecraft A system configuration.
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Figure XX System configuration block diagram

Figure XX, XX shows the appearance of the spacecraft A at launch and during in-orbit operations.

(Note: For series payload/reflight payload, describe the difference from the baseline payload and

the impact assessment on the hazard analysis)
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Figure XX External view of spacecraft A (on-orbit configuration)

3.3. Flowchart of the launch site operation and description of each task

Launch site operations flow of spacecraft A for each building (STA, SFA, and VAB) is shown in figure
XX.

Related hazards are described in the operations flow.
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The point at which the payload is handed over to the launch vehicle is described.
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Figure XX Launch site operations flow (callouts indicate typical hazards)

(Note: For series payload/reflight payload, describe the difference from the baseline payload and

the impact assessment on the hazard analysis)

4. Hazard analysis result
4.1. Hazard identification summary/4.2. Hazard analysis table/4.3. FTA, etc.
Hazard identification summary, hazard analysis table, FTA, etc. are not attached in this document

because hazard identification is performed by using the hazard report template in 4.4.

(Note: If a hazard other than the hazard report format described in 4.4. is anticipated, a hazard

identification summary, hazard analysis table, FTA, etc. should be attached to that extent.)
4.4. Hazard report
The hazard report prepared using the hazard report template is shown in Attachment-1. No hazards

other than those included in the template were identified.

Notes on using Attachment-1

e Foritems for which the "Status" of safety verification has been set to CLOSED, provide a summary

of the verification results in the "Verification Results" column and the nhame and document

number of the document showing the verification results in the "Document Name/Number"

column. For items which attachments are required for safety review, provide supplementary




information in the attachments of each hazard report format.

Example of a verification result statement:

“Verified through drawings and procedures that the two-failure tolerant design (two addressed

by design and one addressed by operation) was appropriate.”

e "Status", "Verification Results" and "Document Name/Number" of the safety verification are

written in the relevant review phase, with the updated items identified in red or bold type, etc.

For example, in the safety review documents of Phase lll, the items that have been CLOSED in

Phase Il are indicated in red or bold to distinguish them from the items that have been CLOSED

in Phase II.

¢ In the Phase lll safety review documents, items for which verification can be completed only

after delivery to the launch site can be described as "CLOSE to SVTL" in "Status" column and the

remaining items for verification are described in SVTL in Section 4.6.

*  For series payload/reflight payload, identify the safety verification items of the baseline payload

that are to be re-verified and the new items that need to be verified.)

4.5. Compliance assessment of safety measures required based on the results of launch vehicle
hazard analysis
The evaluation result is attached in accordance with the launch vehicle to be installed. If a compliance

assessment is submitted directly to the launch operator, this assessment does not need to be

included in this document.

4.6. Safety verification tracking log (SVTL)
(For Phase Ill, SVTL is attached if necessary.)

4.7. Noncompliance report (NCR)

(NCR is attached in case of noncompliance to requirements)



Attachment-1 Hazard report template (From payload/GSE arrival to the KSC to the moment the payload is handed over to the launch vehicle)

between rust
and flammable
propellant

that may come in contact with flammable
propellants (payload, GSE, and operating area).

other methods

No Hazard Cause Hazard control (example) Safety verification method (sample) Status | Ph Verification results Document
Name/number
HR-5.1 Death or injury of (1) Spark (1-1-1) Gas-explosion-proof or equivalent design (1-1-1-1) Confirm explosion-proof or equivalent design OPEN | Il
person and loss of generation at is applied to the payload (potting, hermetic by drawing or other methods
Apply launch site facility and | equipment sealing, pressurization with inert gases).
O equipment caused by contact Note: Except for the type of protection “n”.
fire in the explosive switching Note: Explosion-proof is also considered for - — -
N/A hazardous atmosphere cables and electronic devices. (1-1-1-2) Confirm proper fabrication by physical OPEN | I
0 inspection or other methods
(Severity is generally (1-1-2) Avoiding energization of non-explosion (1-1-2-1) Confirm that non-explosion proof equipmentis | OPEN | Il
1 proof equipment of the payload in an explosive not energized by procedures or other methods
hazardous atmosphere. (Mis-operation needs to
be considered if interface by operator exists.)
(1-2-1) If it is difficult to adopt explosion-proof (1-2-1-1) Confirm explosion proof or equivalent design OPEN | 1l
certified products for GSE electrical equipment, by drawing or other methods
gas-explosion proof equivalent design is applied (1-2-1-2) Confirm proper fabrication by physical OPEN | I
to the GSE (potting, hermetic sealing, inspection or other methods
pressurization with inert gases).
Note: Except for the type of protection “n”.
Note: Explosion-proof is also considered for
cables and electronic devices.
(1-2-2) Electrical equipment (explosion-proof (1-2-2-1) Confirm proper measures in accordance with OPEN | I
certified and non-explosion-proof equipment) of JERG-1-007 by procedure or other methods
GSE is brought into an explosive hazardous (The list of equipment to be brought to the launch site is
atmosphere in accordance with JERG-1-007. to be submitted to the Launch Site Safety Gr, so it does
(The list of equipment to be brought in is subject not need to be attached to the safety data package.)
to confirmation by the Launch Site Safety Gr.)
(2) Spark (2-1) Design that there are no energized parts (2-1) Confirm design that there are no exposed OPEN | Il
generation due where a person can touch them in payload/GSE. energized parts by drawing or other methods (e.g.
to human connectors on the side supplying power us female
contact with contacts)
energized parts (2-2) Avoiding energization in case that there is (2-2) Confirm that exposed parts are not energized by OPEN | I
an exposed energized parts (e.g. plasma thruster) | procedure or other methods
in payload/GSE.
(3) Existence of (3-1) Avoiding energization of exposed heating (2-1) Confirm that exposed heating wires are not OPEN | 1lI
heat source wires in an explosive hazardous atmosphere. energized by procedure or other methods
(4) Ignition of (4-1) Non-ignition of pyrotechnic devices and (4-1) Confirm that pyrotechnic devices and solid OPEN | 1l
pyrotechnic solid propellants in explosive hazardous propellants are not ignited by procedure or other
devices and solid | atmospheres. methods
propellants
(5) Spark (5-1) Proper bonding and grounding of (5-1-1) Confirm proper bonding and grounding by OPEN | Il
generation due payload/GSE to prevent static electricity. grounding system drawing or other methods
to static (5-1-2) Confirm proper bonding and grounding by OPEN | 1l
electricity inspection of actual products or other methods
(5-2) Proper operation that does not generate (5-2) Confirm that wrist straps and antistatic OPEN | 1l
static electricity clothing/shoes are used by procedure or other methods
(6) Contact (6-1) Controlling that there is no rust for areas (6-1) Confirm that there is no rust by visual inspection or | OPEN | Il




(7) Leakage of According to hazard report No. 5.4. (However, if - - - - -
flammable the separation measure to prevent contact
propellant between leaked flammable propellant and
ignition source is applied, only 1FT design against
leakage of propellant prepared.)
(8) Mixture of (8-1) Design to prevent mixing of flammable (8-1-1) Confirm design of separation arrangement of the OPEN | Il A layout drawing
flammable propellant and oxidizer due to mishandling during | port and adoption of different pipe diameters by is attached
propellant and filling operation drawing or other methods
oxidizer (only for (8-1-2) Confirm the application of the separation OPEN | 1l
propellant/ arrangement of the port and adoption of different pipe
oxidizer diameters to the actual products by inspection or other
propulsion methods.
system) (8-2) Operation without mixing flammable (8-2) Confirm operation that propellant filling equipment | OPEN | Il
propellant and oxidizer and oxidizer filling equipment are not placed at the same
time during the filling operation by procedure or other
methods
(8-3) Prevention of mixing of propellant and (8-3-1) Confirm 2FT design against mixing of propellant OPEN | Il A schematic of
oxidizer in the payload after filling (2FT design) and oxidizer by drawing or other methods 2FT design is
attached
(8-3-2) Confirm 2FT design against mixing of propellant OPEN | I
and oxidizer by test or other methods
(9) Inadequate (9-1) Design and operation in accordance with JIS (9-1) Confirm design in accordance with JIS C 6802 (IEC OPEN | 1lI
operation of C 6802 (IEC 60825-1) 60825-1) by drawing or other methods
class 4 lasers (9-1) Confirm operation in accordance with JIS C 6802 OPEN 1]
(IEC 60825-1) by procedure or other methods
I oo Document
No Hazard Cause Hazard control (example) Safety verification method (sample) Status Ph Verification results
Name/number
HR-5.2 Death or injury of (1) Inadequate (1-1) Design and manufacturing of payload in (1-1-1) Confirm proper design and manufacturing by the | OPEN 1
person and loss of design and accordance with JERG-0-001 “Technical Standard | certification.
Apply launch site facility and | manufacturing for High Pressure Gas Equipment for Space (1-1-2) For parts outside the scope of the certification OPEN 1
O equipment caused by of pressure Use”. (low pressure side after the shutoff valve), confirm
pressure system burst | system proper manufacturing by functional test.
N/A (1-2) Pressure-resistant design assuming the case | (1-2) Confirm the pressure-resistant design by drawing, OPEN 1] A schematic and
O (Severity is generally of the worst thermal environment due to heater analysis or other methods MDP analysis
1] failure, and leakage to low pressure side result are
(considering 2 failures of low pressure side attached
valves)
(1-3) Design and manufacturing of GSE (1-3) Confirm proper design and manufacturing by the OPEN 1
(Pressurization equipment) in accordance with permit. (In case of diverted/borrowed items, confirm
the national law “High Pressure Gas Safety Act”. results of statutory pre-use inspection.)
(2) (2-1) 2 FT design for pressurization beyond (2-1) Confirm 2FT design including regulating valves or OPEN 1] A piping system
Pressurization design pressure. safety valves by a piping system diagram or other diagram
beyond design methods indicating 2FT
pressure design is attached
(2-2) Confirm that the control by pressure monitor and OPEN 1]

the safety valve is effective before pressurization
operation by procedure or other methods




(3) Inadequate (3) Pressurization operation in accordance with (3) Confirm by procedure or other methods that the OPEN I
pressurization JERG-1-007. When pressurizing or depressurizing | operation is based on JERG-1-007 and the hazardous
operation above 1/4 of the design breakdown pressure, a area is established.
hazardous area with protective walls is set.
P e Document
No Hazard Cause Hazard control (example) Safety verification method (sample) Status Ph Verification results
Name/number
HR-5.3 Death or injury of (1) Internal short | (1) Design and manufacturing of cells without *(1-1) Confirm that cells are designed and OPEN 1] UN/UL
person and loss of of a cell internal short. manufactured in accordance with UN/UL authorization
Apply launch site facility and recommendations by the certification. (In case of cells number is
O equipment caused by certified by a space agency, confirm that the cells have attached
lithium-ion battery been certified by the agency).
N/A rupture *(1-2) Confirm no change in battery charge/discharge OPEN 1 A summary of
O characteristics before and after environmental tests charge/discharge
[Severity is generally (vacuum test, vibration test, etc.) of the payload on characteristics is
1] board condition (or battery assembly) by test report or attached
Note: Hazard other methods
identification is not (2) External (2) Design and manufacturing without short- *(2-1-1) Confirm design of protection functions by OPEN Il A schematic
required for short of the cell | circuit on the battery load side. drawing or other methods indicating the
assembled batteries of Select either (2-1) or (2-2) protective
100 Wh or less, and function is
not charged in an (2-1) Preparing two protection functions attached
explosive atmosphere (separator shutdown function, PTC, fusible link, *(2-1-2) Confirm that protection functions work by OPEN n
fuse, etc.) inside or outside of the cell against functional test or other methods
Note: Hazard short-circuit outside the cell.
identification is not The part where short-circuit is assumed in the
required for Ni-MH path between the cell and the external
battery rupture and protection function is double-insulation as
electrolyte leakage. shown in (2-2), because external protection
However, it is function doesn’t work in the short-circuit of this
necessary to confirm path.
that there is no safety (2-2) Double-insulation the load side. (Generally | *(2-2-1) Confirm design of double-insulation by drawing | OPEN I A schematic
impact due to up to the switch nearest the battery) or other methods indication of
overheating of the double-insulation
battery is attached
. *(2-2-2) Confirm the installation of double-insulation by | OPEN 1]
No?e: Flight inspection or other methods
enwro.nr.n.ent (3) Overcharge (3-1) 1FT design against overcharging when (3-1-1) Confirm proper FT design by drawing or other OPEN 1l A schematic
compatibility of charging outside the explosive hazardous methods indicating FT
battery needs to be atmosphere at the launch site, and 2FT design design is attached
fcf:aelaucafr‘le:uiecpha\ztﬁlc\:e when charging inside the explosive hazardous (3-1-2) Confirm that the protection functions work OPEN 1
atmosphere or while the payload is on board the | properly by functional test or other methods
launch vehicle. (3-1-3) Confirm that the control by the monitor is OPEN 1
effective by procedure or other methods. (Only if there
is operational hazard control.)
(3-2) Management of cells voltage variation. *(3-2) Confirm the results of cell variation control by OPEN I

(Because battery voltage monitor may not detect
overcharge of a single cell due to cell variation.)

inspection or other methods




(3-3) (Measures against over discharge) (3-3) Confirm battery voltage before charging (only if OPEN I
Prohibition of use of battery below the voltage there is a charging operation in the launch site)
that recommended by the cell/battery pack
manufacturer or to a certified voltage by an
acceptance test.
(4) Use in Select either (4-1) or (4-2). (4-1) Confirm that the temperature is below the OPEN 1]
abnormal guaranteed battery temperature by thermal analysis.
temperature (4-1) Design environmental temperature below (Considering after two failures of the heater drive
environments the guaranteed battery temperature even under | circuit.)
caused by worst-case condition (after two failures of the
thermal control heater driver circuit).
system failure (4-2) 2FT design against the heater ON. (4-2-1) Confirm 2FT design by drawing or other OPEN 1l
methods
(4-2-2) Confirm that 2FT design is valid by functional OPEN 1
test or other methods
*1f JAXA developed cells are used, it has already been verified and no additional verification is required.
e e Document
No Hazard Cause Hazard control (example) Safety verification method (sample) Status Ph Verification results
Name/number
HR-5.4 Death or injury of (1) Inadequate (1-1) Each leakage path (pouring/draining valve, (1-1) Confirm the structure with 3 seals by drawing or OPEN 1l A diagram
person and design of downstream side of propellant tank, etc.) has other methods (Cross-sectional diagram for the indicating 3 seals
Apply contamination of propulsion three seals. pouring/draining valve) structure (cross
O launch site facility and | subsystem and sectional diagram
equipment caused by seals defect for pouring/
N/A toxic material leakage drawing valves) is
O attached
[Severity is generally (1-2) Selection of appropriate seal materials. (1-2) Confirm seal performance by test or other OPEN 1
1] methods
(2) Malfunction (2-1) 2FT design against electrical malfunction. (2-1-1) Confirm 2FT design by drawing or other OPEN 1] A schematic
of propellant methods indicating 2FT
valve drive design is attached
circuit (2-1-2) Confirm the validity of 2FT by test or other OPEN 1l
methods
(3) Inadequate (3) Filling operation in accordance with JERG-1- (3) Confirm that operation is in accordance with JERG-1- | OPEN 1
propellant filling 007. 007 by procedure or other methods
operation
(4) Fluid (4) Use of fluid-compatible materials. (4) Confirm the use of appropriate materials by OPEN 1]
incompatibility materials list or other methods
of tanks, etc.
against
propellant
(5) Foreign (5) Use of cleanliness-controlled fluids. (5) Confirm the cleanliness by inspection or other OPEN I}
matter caught in methods
the valve
(6) Falling or (6-1) Design and manufacturing of payload (6-1) Confirm safety margin by design analysis or other OPEN 1l A result of
collision when suspension points with margin. methods, and confirm manufacturing result by test or analysis is
lifting/hoisting other methods attached




payload after (6-2) Design and manufacturing of lifting devices (6-2-1) Confirm that safety margin is in accordance with | OPEN 1] A result of
filling with toxic in accordance with national regulations, etc. national law “Industrial Safety and Health Law”. analysis is
propellant. The “industrial Safety and Health Law, Safety Ordinance attached
for Cranes” requires a minimum safety factor of 6 for
wire rope and 5 for other types.
(6-2-2) Confirm proper manufacturing by proof load OPEN I
test at a magnification of 2 times, or a factor defined by
official standards.
(When using existing or commercial lifting devices,
confirm use within the rated range.)
(6-3) Lifting operation based on JERG-1-007 (6-3) Confirm that the operation is in accordance with OPEN I
JERG-1-007 by procedure or other methods
(7) Burst of According to hazard report No. 5.2. - - - - -
pressure system
* Attach the results of the assessment of the severity of the hazard for propellants, oxidizers, ammonia in heat pipes, and other hazardous materials.
e e e Document
No Hazard Cause Hazard control (example) Safety verification method (sample) Status Ph Verification results
Name/number
HR-5.5 | Injury of person (1) Inadequate (1) Fault tolerant design (1FT or 2FT) against (1-1) Confirm FT design by drawing or other methods OPEN 1l A schematic
caused by inadvertent design and inadvertent RF radiation indicating FT
Apply RF radiation manufacturing design is attached
O of radio (1-2) Confirm the FT is valid by electrical performance OPEN 1
(Severity is assessed frequency (RF) tests or other methods
N/A individually] subsystem
O (2) Unintended (2) Person restrictions (keep out zone) during (2) Confirm that the keep out zone (safe distance) and OPEN 1l A result of

entry of person
during testing at
the launch site

radiation testing

period of the restriction are specified in the procedure
or other methods

calculation of
safe distance and
keep out zone are
attached

X The results of the evaluation of severity for all RF radiation sources are attached.

Check for the applicability of the following hazards and prepare hazard reports if necessary.

Hazard Apply N/A Hazard report No.
Death or injury of person and loss of launch site facility and equipment caused by inadvertent actuation of O O
pyrotechnic devices
Death or injury of person and contamination of launch site facility and equipment caused by pathogens leakage O O
Death or injury of person and loss of launch site facility and equipment caused by ionizing radiation sources ] O
Death or injury of person and loss of launch site facility and equipment caused by cryogenic fluid leakage O O
Death or injury of person and loss of launch site facility and equipment caused by pressure system burst containing
cryogenic fluid
Death or injury of person and loss of launch site facility and equipment caused by fire and explosion due to mixing of
cryogenic fluids (e.g. liquid hydrogen and liquid oxygen)
Other hazards O O




Attachment-1 Hazard report template (From payload/GSE arrival to the KSC to the moment the payload is handed over to the launch vehicle) Optional

Thereafter, typical hazard control and safety verification methods that have been proven in past safety reviews of payloads are described, since they are not generally applicable to hazards at the launch site, but

may be applicable to hazard causes during the integration phase with the launch vehicle. Whether or not it corresponds to a hazard depends on the instructions from the launch vehicle.

The contents of HR-X.1 through X.4 can be cited in the format provided by the launch vehicle or otherwise used as appropriate.

No Hazard Cause Hazard control (example) Safety verification method (sample) Status Ph Verification results Document
Name/number
HR-X.1 Crash of a launch (1) Insufficient (1) Ensuring soundness and strength of retention | (1-1) Confirm the strength margin by analysis or other OPEN 1] A summary of
vehicle due to mechanical rods. methods analysis results is
Apply inadvertent design of attached
O deployment of safety retention- (1-2) Confirm soundness by testing or other methods OPEN 1
critical mechanisms release
N/A (e.g. retention-release | mechanism (rod,
O mechanisms) of etc.)
payload (2) Inadvertent (2-1) 2FT design against inadvertent release (the (2-1-1) Confirm 2FT design by drawings or other OPEN 1] FT design
release due to design has a minimum of three independent methods schematics is
Case of pyrotechnic false signals inhibits to the energy source. At least two of the attached
devices use from the circuit three inhibits are designed to be monitored.) (2-1-2) Confirm that 2FT is valid by electrical OPEN I
performance tests or other methods
(2-2) An electro-explosive device (EED) does not (2-2) Confirm purchase records or other methods OPEN 1]
cause fire or malfunctions when 1 A DC and 1W
DC are applied for five minutes. “No-fire” means
that the ignition level is 0.1 % at 95 % of the
confidence level determined by Bruceton test or
equivalent statistic test methods. Or, use a NASA
Standard Initiator or other standards-based
initiator.
(2-3) For the EED, shields are equipped with (2-3) Confirm that there is a margin of at least 20 dB by OPEN I A summary of
equal to or greater than 20 dB attenuation analysis or other methods analysis results is
against the maximum no fire power of attached
pyrotechnics.
(2-4) No stray current before pyrotechnic devices | (2-4) Pyrotechnics firing circuits is checked for stray OPEN 1
connecting. voltage prior to electrically connecting, and confirm
that the result does not exceed 1/10 of the maximum
no-fire current or 50 mA, whichever is lower.
T P Document
No Hazard Cause Hazard control (example) Safety verification method (sample) Status Ph Verification results
Name/number
HR-X.2 | Crash of a launch (1) Insufficient (1) 2 FT design against mechanism failure (1-1) Confirm 2FT design by drawings or other methods OPEN 1] FT design
vehicle due to mechanical schematics are
Apply inadvertent design of attached
O deployment of safety retention- (1-2) Confirm that 2FT is valid by functional testing or OPEN 1
critical mechanisms release other methods
N/A (e.g. retention-release mechanism
O mechanisms) of (NEA)




payload (2) Inadvertent (2) 2FT design against inadvertent release (2-1) Confirm 2FT design by drawings or other methods OPEN 1] FT design
release due to schematics is
FT design approach for | false signals attached
NEA from the circuit (2-2) Confirm that 2FT is valid by electrical performance | OPEN 1l
tests or other methods
HR-X.2 comes from “CSA-113032 Mechanical Systems Safety for Payloads launched by JAXA (Interpretation of JMR-002)”
Mechanisms mean subsystems (e. g. latch mechanisms) that use frictional force, magnetic force, and elastic force by spring as retention force of safety critical configuration.
e . . Document
No Hazard Cause Hazard control (example) Safety verification method (sample) Status Ph Verification results
Name/number
HR-X.3 Crash of a launch (1) Insufficient (1-1) Securing retention force/torque margin (1-1-1) Confirm that margins are sufficient by analysis, OPEN 1] A summary of
vehicle due to mechanical greater than 1 or other methods analysis results is
Apply inadvertent design of attached
O deployment of safety retention- (1-1-2) Confirm that the mechanism is sound by OPEN 1
critical mechanisms release mechanical environmental testing.
N/A (e.g. retention-release | mechanism
O mechanisms) of (NEA) (1-2) Adopting redundant springs where a spring | (1-2) Confirm that the springs are in a redundant OPEN 1] FT design
payload function failure could result in a hazard configuration by drawings or other methods schematics is
(redundancy is not needed if the spring function attached
Design for minimum failure does not result in a hazard)
risk approach 1 for (2) Inadvertent (2) 2FT design against inadvertent release (2-1) Confirm 2FT design by drawings or other methods OPEN 1] FT design
NEA release due to schematics is
false signals attached
from the circuit (2-2) Confirm that 2FT is valid by electrical performance | OPEN 1

tests or other methods

HR-X.3 comes from “CSA-113032 Mechanical Systems Safety for Payloads launched by JAXA (Interpretation of JMR-002)”

Prerequisite 1 for HR-X.3: Under the environment where such a mechanism needs to be in retention mode, load transfer within mechanism is designed to occur within the strength of its materials. (When factors

that make verification difficult such as magnetic force is present, design for minimum risk cannot be applied.)

Prerequisite 2 for HR-X.3: Under the same environment, relative movement at a level where retention status of mechanism is deemed changed between components on load path of the mechanisms is designed

not to occur. (When factors that require consideration such as jamming of mechanism part is present, design for minimum risk cannot be applied.)

payload

No Hazard Cause Hazard control (example) Safety verification method (sample) Status Ph Verification results Document
Name/number
HR-X.4 Crash of a launch (1) Design (1-1) Confirm tensile strength (1-1) Using elongation of wire as a parameter, confirm OPEN 1]
vehicle due to related to tensile strength of wire per elongation
Apply inadvertent individual non- Note: If “aging treatment” (1-4) was implemented, test
O deployment of safety metallic locking after such treatment. The wire used in tensile test is the
critical mechanisms wires and knots same lot as flight items. And, when wires are exposed
N/A (e.g. retention-release to external environment of payload, consider the
O mechanisms) of thermal input after opening vehicle fairing.




Design for minimum
risk approach 2 for
non-metallic lock wire

(1-2) Confirm creep deformation amount

(1-2) Check the creep deformation amount as creep
displacement occurs at room temperature.

Note: Comprehend the flight item status when applying
tensile to the wire. The wire is the same lot as the flight
items. For the duration of applying load, consider the
period from installation to the payload to launch.

OPEN

(1-3) Confirm stretch of knot

(1-3) The knot is to simulate the flight configuration and
confirm the stretch amount of the knot by testing.

OPEN

(1-4) Aging treatment (Stretch treatment)

(1-4-1) As tension and duration for elongate in advance
can be determined, seek the relationships of
deformation amount, applied tension, and duration of
tension application by testing (1-1~1-3)

OPEN

(1-4-2) If aging treatment on the knot is necessary,
attain the data equivalent to the knot.

OPEN

(1-4-3) Use wires that underwent aging treatment in
advance in the payloads.

OPEN

(1-5) Confirm strength deterioration by
compression in the radial direction of wire
(swage part, knot, etc.)

(1-5) In the design of payload, confirm if there are any
parts that get compressed in the radial direction of
wire. And if there are applicable parts, simulate flight
configuration, and confirm strength deterioration by
compression by testing.

OPEN

(2) Insufficient
mechanical
design of
retention-
release
mechanism

(2-1) Redundant design*

(2-1) Confirm by drawings or other methods that the
wires are in a redundant configuration.

OPEN

Schematic is
attached

(2-2) Ensuring design tension margin

(2-2-1) Secure adequate margin to avoid lack of
strength against maximum load. Present that one wire
system is valid enough to show redundancy of the wire.
Note: Seek maximum load on wire taking the maximum
tension at the time of wire processing, vibration and
shock during launch, manufacturing tolerance. And
calculate the worst wire length and tension strength
considering tension strength (1-1), creep deformation

(1-2, 1-3), aging treatment (1-4), loosening of wire (2-4).

OPEN

A summary of
analysis results is
attached

(2-2-2) Confirm the lock by vibration test and visual
inspection after the test.

OPEN

(2-3) Design with no sharp edges in the wire
proximity area

(2-3-1) Confirm that equipment near the wire doesn’t
have sharp edges by drawings or other methods

OPEN

(2-3-2) Confirm removal of sharp edges by visual or
touch.

OPEN

(2-3) Design to prevent friction between wires
and equipment

(2-3-3) Confirm that appropriate clearances are
provided to prevent friction between wires and
equipment during vibration and shock by drawings or
other methods

OPEN

(2-3-4) Confirm that clearances are as shown in the
drawings by measuring or visual inspection.

OPEN

(2-3-5) Confirm that the wire doesn’t have friction
damage by vibration test, visual inspection or other
methods. If visual inspection after installation of wire is
difficult, confirm that there is no friction of wire based
on results of spatial clearance inspection and EM
vibration test or other methods.

OPEN




(2-4) Tension and wire length setting considering | (2-4-1) Set the required tensile and length considering OPEN I
loosening loosening of wire by time elapsed up to launch (payload
separation) for tensile and deformation level as a
setting of wire.

(2-4-2) Check the wire visually or touching or by OPEN 1
measuring the tensile.
(2-6) Knotting wires using the proper knotting (2-6-1) Incorporate “how to knot” procedure confirmed | OPEN 1]
procedure in the test (1-3) in the payload design.
(2-6-2) Confirm the knots are made according to the OPEN 1[I
proper procedure by visual inspection.
(2-7) Outfitting design with adjustable wire (2-7-1) When installing wires to payload, ensure the OPEN 1]
tension or displacement design allows adjustment so that the wire will be of

particular tension and length.

(2-7-2) Confirm that specified tensile or length has been | OPEN I
set by measurement.

(2-8) Design to prevent scattering when cutting (2-8) To prevent space debris scattering, confirm that OPEN 1]
wire the design is such that no separated material is
generated when wires are cut by drawings or other
methods
(2-9) Design where shear forces are not applied (2-9) Ensure that no shear force is applied to the wire. OPEN 1]
(3) Inadvertent (3) 2FT design against inadvertent release (3-1) Confirm 2FT design by drawings or other methods | OPEN 1l FT design
release due to schematics is
false signals attached
from the circuit (3-2) Confirm that 2FT is valid by electrical performance | OPEN 1l

tests or other methods

From ”CSA-113030A Safety checklist for Non-metallic Lock-wire design of the small satellite”
*For catastrophic hazards, it is usually necessary to adopt a 2FT design, but the hazard control in this hazard report is a design for minimum risk approach. For the design for minimum risk, redundancy is usually

not necessary by designing with sufficient strength margin, but for non-metallic lockwires, redundant design (retention by two wires) is usually taken to cover their mechanical vulnerability.



HR-5.1
Attachment

Figure Propellant and oxidizer pouring/draining valves arrangement and pipe diameter (8-1-1)

Figure 2FT design for propellant and oxidizer mixing in payload propulsion subsystem (8-3-1)



HR-5.2

Attachment
Table Maximum Design Pressure (MDP) Analysis sheet (1-2)
Component Fluid Material | MEOP MDP Proof Burst Fluid
name (MPa) (MPa) test test temperature
pressure | pressure | (°C)
(MPa) (MPa)
Piping upstream | He Ti-6Al-4V | 20 25 50 0to 50
of tank, gas
pouring/draining
valves, pressure
indicator
Tank He/Hydrazine | Ti-6Al-4V | 20 25 50 100 0to 50
Piping from Hydrazine Ti-6Al-4V | 20 25 50 0to 50
downstream of
tank to shut off
valve
Filter, Hydrazine Ti-6Al-4V | 20 25 50 0to 50
pouring/draining
valves, shut off
valves
Shut off valves Hydrazine Ti-6Al-4V | 20 25 50 0to 50
and piping to
propellant
valves
Propellant Hydrazine Ti-6Al-4V | 20 25 50 0to 50
valves

Figure Schematic of payload pressure system (1-2)

(Confirm pressure-resistant design assuming 2 faults leakage to the low pressure side)




HR-5.2
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Figure Piping system diagram for pressurization operation (2-1)
(Note: The points where 2FT design (regulator, safety valve, pressure indicator, etc.) should be clearly
marked with a circle.)



HR-5.3
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Battery Template

This template contains information necessary to control not only the hazard at the launch site, but also the
hazard during launch phase of the launch vehicle.

Cell specifications

Cell name/Manufacturer

Battery type (e.g. Li-lon, Ni-MH)

Rated voltage (V)

Capacity (mAh)

Type of protective circuits, etc. (e.g. breakers, PTCs, etc.)

UN or UL certificate document No.

Battery pack (assembly) specifications

Configuration (e.g. 1S2P)

Total capacity of batteries (Wh)

Results of the assessment of the severity
of hazard*

*A rupture of a lithium-ion battery of 100 Wh or less as a battery assembly is not considered a catastrophic or
critical hazard outside of an explosive hazardous atmosphere, but a rupture in an explosive hazardous
atmosphere is considered a catastrophic hazard. A rupture of a Ni-MH battery is not considered a catastrophic
or critical hazard due to its low energy density.

For a catastrophic or critical hazard, the following verifications are attached.

1. Verification of internal short of a cell

1.1. Control of cell/battery procurement

Describe UN or UL certificate document No. in the cell specifications. (In the case of cells certified by a space
agency, describe the agency name.)

1.2. Elimination of cells that cause internal short in the launch environment

To eliminate cells that may cause internal short in the launch environment, describe that there in no change in
battery charge/discharge characteristics before and after environmental tests (vacuum test, vibration test,
etc.) in the on-board condition or battery assembly.

Figure. Battery charge/discharge characteristics measurement results before and after environmental
testing (1-2)

2. Verification of external short of the cell (select one of 2.1. or 2.2.)

2.1. Preparing two protection functions (separator shutdown function, PTC etc.) against short-circuit outside
the cell. The part where short-circuit as assumed in the path between the cell and the external protection
function is double-insulate. (Because external protection function doesn’t work in the short-circuit of this
path.)
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Solar Cell

/-—-__—-\
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Battery (PTC) Load

"/
}
|

Red circle part is protection function
Red thick line part is double insulation

Figure. Outline of the protection function and double insulation (2-1-1)

2.2. Double insulate the load side (generally up to the switch nearest the battery)

Solar Cell

Battery Load

Red thick line part is double insulation

Figure. Outline of double insulation (2-2-1)
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3. Verification against overcharging when charging at the launch site.

Payload Solar Array Simulator
Component A
! O
i OFF
Battery Unit |
—————— ) |_._._.| _._ | Monitorline 1 (Battery voltage)
I —!
— |
—_- Component B EGSE \'%
N T TS B RRTEEEERE >
l“" Monitor line 2 (Cell voltage)
=
I I
J
Component C

Monitor line 3 (Battery voltage)

Figure. Overcharge prevention function (3-1-1)
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The Assessment of severity of the hazard
Toxic material name | MMH MONS3 Ammonia
(Heat pipe)
Severity of the I | Less than llI
hazard
Remarks Even if the entire

amount of ammonia
is leaked at the work
place of SFA, it is
estimated only X
ppm and has no
effect on human
health.

(Note: Hydrazine, MMH, MON3, and NTO are basically classified as Severity I. Ammonia

used in heat pipes is classified as less than Severity Il if the entire amount of ammonia

leaked poses no effect on human health. For other toxic materials, the severity of the

hazard is determined on case-by-case basis after evaluating the effects on the human body.)

AREHER >

3 seals NS LH R

3 seals HEETHER
% T4ILA
EHEFA
mmai (N N B 2
AU LS A e i A
DI R s e e e
1A 2A 1B 2B

Figure. Piping system diagram of the payload (1-1)

3 seals

(P) EHit

FHEF2

(Note: Clarify the number of valves and their seals, and where the valve is filled with inert gas. Clarify that

each satisfies the required number of inhibits against external leakage.)
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Figure. Cross-sectional view of pouring/draining valve(1-1)
(Note: Clarify where the seal is located against the flow path)

Inhibit 1

Inhibit 2

______

Triggerl

Trigg:erZ

Trigger3 |

Figure. Schematic of valves control line (2-1-1)

(Note: Describes that 2FT is satisfied. List the minimum required inhibits (here inhibit 1, inhibit 2, inhibit
3) and their control lines (here trigger 1, trigger 2, trigger 3). Do not list more inhibits than required.)

Explanation of 2FT feasibility of valve control lines.

Inhibits 1,2, and 3 are independent switches and when all inhibits 1 to 3 are turned on, the propellant

valve open:s.

Inhibits 1, 2, and 3 are turned on by signals from triggers 1, 2, and 3, respectively. There is no failure
mode that triggers 1, 2, and 3 in common.

Table. Summary of strength analysis results for payload suspension points (4-1-1)

Parts Safety Margin of Safety
factor
Adapter 2 1.1
Pivot hinge 2 1.1
point

Table. Summary of strength analysis results for lifting devices (4-2-1)

Devices Safety Margin of Safety
factor

Lifting 6 11

device
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Assessment of the severity of hazard

Antenna type

Frequency band

Antenna input power(W)

Gain (dBi)

Safety distance (m)

Results of the assessment of the
severity of hazard

For a catastrophic or critical hazard, describes outline of fault tolerant design.

Inhibit1l  Inhibit 2

__________

| [ ] " | Control device

-K~
H -

Triggerl Trigg:er2 Trigger3 |- §1-+ ::InhibitB

Figure. Schematic of RF radiation line (1-1)

(Note: Describes that 2FT is satisfied. List the minimum required inhibits (here inhibit 1, inhibit 2, inhibit
3) and their control lines (here trigger 1, trigger 2, trigger 3). Do not list more inhibits than required.)

Explanation of 2FT feasibility against inadvertent RF radiation.
Inhibits 1,2, and 3 are independent switches and when all inhibits 1 to 3 are turned on, the RF radiate.

Inhibits 1, 2, and 3 are turned on by signals from triggers 1, 2, and 3, respectively. There is no failure
mode that triggers 1, 2, and 3 in common.

Figure. Keep out zone during RF radiation test (2)




5. JMR-002 Chapter 6 Compliance Assessment Results

5.1. Design outline of depressurization port, propellant and oxidizer discharge port in case of leakage
Figure X shows an overview of the design of the depressurization port and the propellant and oxidizer
discharge port in case of leakage on spacecraft A.

Figure X Design overview of depressurization port and discharge ports for propellant, oxidizer, etc. in case
of leakage

5.2 Explanation of operational policy for depressurization and discharge of propellant, oxidizer in case of
leakage

5.2.1. policy in the event of a leak during payload launch site operations

If propellant or oxidizer leaks in SFA during payload launch site operations, first evacuate all persons and
then set entry restrictions for SFA. Then, personnel enter the leaking area with scape suit and connects a
GSE for depressurization to the port to depressurize. After the depressurization is complete, the
personnel connect the GSE to the propellant or oxidizer discharge port and collects the propellant or
oxidizer. After the recovery of propellant, oxidizer is completed, detoxify the leaked propellant, oxidizer
at the site, and when the concentration of propellant, oxidizer at the leaked location drops below the
regulated value, the entry restrictions on SFA are lifted.

5.2.2. policy in the event of a leak after handling over to the launch vehicle (if operations obey the launch
vehicle's instructions, state this)

If propellant or oxidizer leaks during joint operations with the launch vehicle in the VAB, depressurization
and propellant or oxidizer discharge operations will be performed according to the launch vehicle's
instructions.
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Program Name:

Requirements NC | N/A Results and Remarks
4.1 General criteria oo O
4.1.1 Safety management requirement
4.1.1.1 Organization and function of safety operation
4.1.1.2 Hazardous operation Check the following applicable hazardous
4.1.1.2.1 Identification of hazardous operation operations
(1) Propellant operation O |a O
(2) Pressure system handling operation O | g O
(3) Operations of pyrotechnics and systems using pyrotechnics O | g O
(4) Operations performed within hazardous explosive atmosphere areas O | g O
(5) Operations with toxic substances, deleterious substances, and harmful gases (including liquid | O | O O
vaporizing to harmful gases)
(6) Radio-isotope operations O O
(7) Operations of high-voltage electrical power O O
(8) Radiation operations (where emission intensity of radiation affects personnel health, | O | O O
pyrotechnics, and facilities)
(9) Operations performed in high acoustic noise environments O |a O
(10) Operations performed in tanks and enclosed spaces (operations in oxygen depletion | O | O O
environments or in harmful, explosive or flammable vapors)
(11) Handling of cryogenic materials and systems using these materials O O
(12) General hazardous operations (forklift, crane, slinging, operation in high locations, and heavy | O O

load transportation and transfer operations)
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(13) Handling of other hazardous items, and operations determined to be hazardous by the Launch

Site Safety Group.

4.1.1.2.2 Hazardous operation procedures

4.1.1.2.3 General regulations for hazardous operation

4.1.1.3 Emergency procedures

4.1.1.3.1 General

4.1.1.3.2 Responding to mishap

4.1.1.3.3 Recovery from an emergency situation

O

O

4.1.1.4 Weather regulations
4.1.1.4.1 Lightning

O

O

4.1.1.4.2 Storm

4.1.1.4.3 Heavy rain

4.1.1.4.4 Tidal wave and earthquake

4.1.1.4.5 Handling of harmful propellants and weather condition

4.1.1.5 Personnel restricted area

4.1.1.5.1 Restriction at Personnel Restricted Area, etc.

Oo|jo(o|o|o

Oo(o|o|go|o

Oo|jo(o|o|o

4.1.1.5.2 Entry/Exit Control System

4.1.1.5.3 Warning Area regarding harmful gas diffusion

4.1.1.6 Safety training

4.1.1.7 Application for delivery of hazardous products

4.1.2 Hazardous atmosphere
4.1.2.1 Explosion hazard atmosphere

a. Explosion hazard atmosphere area of flammable liquid propellants

Oo|o|o|o|a

Oo(o|o|o|o

Oo|o|o|o|a
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b. Explosion hazardous atmosphere area for solid propellants and pyrotechnics and its location

4.1.2.2 Other requirements for hazardous atmosphere area

4.1.3 Material

4.1.4 Operation of RF radiation

4.1.5 Optical system

4.1.6 Acoustic noise

4.1.7 Use of ionizing radiation etc.

4.1.8 Other requirements

4.1.8.1 Humidity control

A o O A

Oo|/o|o(o|o(o|o|d

A o O A

4.1.8.2 Protective equipment (PPE)

4.1.8.3 Protection for hazardous objects

4.1.8.4 Tool control

4.1.8.5 Photography

4.1.8.6 Restriction on ignition materials

4.1.8.7 Operation at high elevation

4.2 Transporting, transferring, and handling equipment

4.2.1 Forklift operation

O|o/o|o(o|g|o

O|o|o|(o|o|Oo|o

O|o/o|o(o|g|o

4.2.2 Crane operation

4.2.3 Slinging operation

4.2.4 Transporting and transferring heavy load

4.2.5 Use of elevators and shutters

4.3 Use of elevators and shutters

4.3.1 Liquid propellants

Oo(o|o|o|Oo

Oo|o|o|o|o

Oo(o|o|o|Oo
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4.3.2 Solid rocket motors

4.3.3 Solid rocket motors

O

O

4.4 Pressure system.

4.4.1 Pressure system.

This section is for description only; there

are no requirements.

4.4.2 Pressure system operation

4.4.3 Pressure system protection

4.5 Operation of pyrotechnics (except for solid rocket motors)

4.6 Operation of pyrotechnics (except for solid rocket motors)

4.6.1 General requirement

Oo|o|o|o

Oo|o|o|d

Oo|o|o|o

4.6.2 Grounding

4.6.3 Protective devices

4.6.4 Maintenance operation

4.6.5 Battery

Oo|o(o|d

Oo|(o|o|ag

Oo|o(o|d
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