	Chapter1.pdf
	CHAPTER  1.  STRUCTURAL DATA
	100. GENERAL.
	101. STRUCTURAL DESIGN PROCESS.
	a. Determine the overall load factors.
	b. Estimate the resulting loads.
	c. Distribute these loads over the aircraft.
	d. Determine the material, size, and shape of the part.
	e. Calculate the resulting stresses in the part.
	f. Compare these stresses with the maximum allowable for the material used.
	g. Resize the part as necessary.
	102. TYPES OF LOADS AND STRESSES.
	a. Limit load factors are the maximum load factors which may be expected during service (the maneuvering, gust, or ground load factors established by the manufacturer for type certification).
	b. Aircraft parts may be formed out of different types of material and joined together. Each of those parts carries a load and the fastener that brings these parts together has to carry the load from one part to the other.  
	c. Every aircraft is subject to different types of structural stress.  Stress acts on an aircraft whether it is on the ground or in flight.  Stress is defined as a load applied to a unit area of material.  
	d. Tension is a force acting against another force that is trying to pull something apart.
	e. Compression is a squeezing or crushing force that tries to make parts smaller.  
	f. Torsion is a twisting force.  
	g. Shear stress is when one piece of material slides over another. 
	h. Bending is a combination of two forces, compression, and tension. During bending stress, the material on the inside of the bend is compressed and the outside material is stretched in tension. 
	i. An aircraft structure in flight is subjected to variable stresses due to the varying loads that may be imposed.  The designer’s problem involves anticipating the possible stresses that the structure will have to endure and build the structure strong enough to withstand these stresses. 

	103. STATIC LOADS.
	a. Limit load factors are the maximum load factors which may be expected during service (the maneuvering, gust, or ground load factors established for type certification).
	b. Ultimate load factors are the limit load factors multiplied by a prescribed factor of safety.  Certain loads, such as the minimum ultimate inertia forces prescribed for emergency landing conditions, are given directly in terms of ultimate loads.
	c. Static test load factors are the ultimate loads multiplied by the casting, fitting, bearing, and/or other special factors, when applicable.  Where no special factors apply, the static test loads are equal to the ultimate loads.
	d. Critical static test load factors are the greater of the maneuvering, gust, ground, and inertia load static test load factors for each direction (up, down, starboard, port, fore, and aft). 

	104. STRUCTURAL SIZING AND ANALYSIS.
	a. Static tests using the following load factors are acceptable for equipment installations.  The alteration needs to comply with the limit load factors as required by the aircraft’s certification basis.
	b. The following is an example of determining the static test loads for a 7-pound piece of equipment to be installed in a utility category aircraft (part 23).
	c. When an additional load is to be added to structure already supporting previously installed equipment, determine the capability of the structure to support the total load (previous load plus added load).  If the additional load requires access to applicable design data or the capability to reverse engineer the installation, further assistance may be required from FAA engineering or the ACO or an appropriately rated Designated Engineering Representative (DER).

	105. STATIC TESTS.  
	a. Determine the weight and center of gravity position of the equipment item.
	b. Install attachment in the aircraft or preferably in a jig using the applicable static test load factors.
	c. Determine the critical ultimate load factors for the sideward, upward, downward, and forward directions. A hypothetical which follows steps (1) through (4) below pertains to the example in Figure 1-3, Hypothetical of Determining Static Test Loads.
	(1) Convert the gust, maneuvering, and ground load factors obtained from the manufacturer or FAA engineer or DER to determine the ultimate load factors. Unless otherwise specified in the airworthiness standards applicable to the aircraft, ultimate load factors are limit load factors multiplied by a 1.5 safety factor. (See columns 1, 2, and 3 for items A, B, and C.)
	(2) Determine the ultimate inertia load forces for the emergency landing conditions as prescribed in the applicable airworthiness standards.  (See items D and E, column 3.)
	(3) Determine what additional load factors are applicable to the specific seat, litter, berth, or cargo tiedown device installation. The ultimate load factors are then multiplied by these factors to obtain the static test factors.  
	(4) Select the highest static test load factors obtained in steps 1, 2, and/or 3 for each direction (sideward, upward, downward, and forward). These factors are the critical static test load factors used to compute the static test load.  (See column 6.)

	d. Apply a load at center of gravity position (of equipment item or dummy) by any suitable means to demonstrate that the attachment and structure are capable of supporting the required loads. When no damage or permanent deformation occurs after 3 seconds of applied static load, the structure and attachments are acceptable. Should permanent deformation occur after 3 seconds, modifications or reinforcements are required to the affected structure. Additional load testing is not necessary.
	e. Static tests may need to be reviewed by an FAA Engineer so that appropriate limitations, procedures, checks and balances may be applied to mitigate any risks.

	106. MATERIALS AND WORKMANSHIP.
	a. Suitability and durability of materials used for parts, the failure of which could adversely affect safety, must:
	(1) Be established by experience or tests;
	(2) Meet approved specifications that ensure the strength and other properties, assumed in the design data; and
	(3) Take into account the effects of environmental conditions, such as temperature and humidity, expected in service.

	b. Workmanship must be of a high standard.

	107. MATERIAL STRENGTH PROPERTIES AND DESIGN VALUES.
	a. Where applied loads are eventually distributed through a single member within an assembly, the failure of which would result in loss of structural integrity of the component ― 99 percent probability with 95 percent confidence.
	b. For redundant structure, in which the failure of individual elements would result in applied loads being safely distributed to other load carrying members ― 90 percent probability with 95 percent confidence.
	c. The effects of temperature on allowable stresses used for design in an essential component or structure must be considered where thermal effects are significant under normal operating conditions.
	d. The design of the structure must minimize the probability of catastrophic fatigue failure, particularly at points of stress concentration.
	e. Design values greater than the guaranteed minimums required by this paragraph 107 may be used where only guaranteed minimum values are normally allowed. For example, if a “premium selection” of the material is made, in which, a specimen of each item is tested before use to determine if the actual strength properties of that particular item are equal or exceed those used in design.

	108. FASTENERS.
	a. Each removable fastener must incorporate two retaining devices in case one retaining device should fail during flight operations.
	b. Fasteners and their locking devices must not be adversely affected by the environmental conditions associated with the particular installation.
	c. No self-locking nut may be used on any bolt subject to rotation in operation, unless a non-friction locking device is used in addition to the self-locking device.

	109. PROTECTION OF STRUCTURE.
	a. Be suitably protected against deterioration or loss of strength in service due to any cause, including:
	(1) Weathering,
	(2) Corrosion, and
	(3) Abrasion.

	b. Have adequate provisions for ventilation and drainage.

	110. ACCESSIBILITY.
	111. AFFECTS ON WEIGHT AND BALANCE.
	112. AFFECTS ON SAFE OPERATION.
	a. The factor of safety prescribed in 14 CFR part 23, § 23.303 must be multiplied by the highest pertinent special factors of safety prescribed in 14 CFR §§ 23.621 through 23.625 for each part of the structure where strength is:
	(1) Uncertain,
	(2) Likely to deteriorate in service before normal replacement, or
	(3) Subject to appreciable variability because of uncertainties in manufacturing processes or inspection methods.

	b. Unless otherwise provided, a factor of safety of 1.5 must be used.

	113. CONTROLS AND INDICATORS.
	114.  PLACARDING.
	115. THRU  199.  RESERVED
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	CHAPTER  2.  COMMUNICATION, NAVIGATION, AND EMERGENCY LOCATOR TRANSMITTER SYSTEM INSTALLATIONS
	200. PURPOSE.
	201. HAZARDS AND WARNINGS.
	a. When installing these systems follow the aircraft and equipment manufacturers’ instructions as appropriate. Practice a “clean as you go” philosophy. Ensure that equipment and systems function properly and perform their intended function(s). 
	b. Alterations of aircraft that are performed to accommodate the installation of radio equipment must be evaluated for their impact on aircraft design and operation.  Refer to Advisory Circular (AC) 23.1309-1, Equipment, Systems, and Installations in Part 23 Airplanes, (as amended) for additional information concerning the evaluation for equipment, systems, and installations in Title 14 of the Code of Federal Regulations (14 CFR) part 23 airplanes.
	c. Frequently an alteration to accommodate the installation of radio equipment will have little impact on the design or operation of an aircraft; however, all potential elements of impact must be considered. One approach is to evaluate each element independently.
	d. Consider the impact when weight and balance or structural load limits of an added system exceeds existing installations.  Consider the impact when radio frequency such as electromagnetic interference (EMI), high intensity radiated fields (HIRF), or lightning may negatively affect existing systems (e.g., accuracy of the magnetic compass).






