AC8017-SPACECRAFT STRUCTURES
UNIT 1 : SPACECRAFT DESIGN LOADS


1) What do you mean by desgin LOADS?

Designing Load" is the load that determines one or more structural characteristic of the part: – shape, thickness, strength, stiffness, material... Generally spacecraft are designed by launch loads!

2) What is Critical load?
Critical Load (somewhat synonymous) is more exactly the load that gives the minimum margin of safety (MS) for a part– MS represents the amount of extra structural capability you have over the 
applied load (elbow room)
3) Write examples for critical LOADS?

Examples of Critical Loads
· pressurization loads for a solid rocket casing
·  launch loads for a spacecraft (𝑁𝑁𝑥𝑥, 𝑁𝑁𝑦𝑦, 𝑁𝑁𝑧𝑧, 𝑀𝑀𝑥𝑥𝑥𝑥, 𝑀𝑀𝑦𝑦𝑦𝑦, 𝑀𝑀𝑧𝑧𝑧𝑧)
·  thermal loads for a propulsion subsystem
·  crash loads for a car

4) What are the thermal load acting on spacecraft? 
Thermal Loads
· sun / shadow thermal gradients
· eclipse effects (thermal snap)

5) Write the accelerations acting on spacecraft? 
· orbital accelerations
· gravity gradient
· spinning
· on-board disturbances
· thrusting (attitude control, reboost)

6) What are the task included in structural analysis of system?
Load Cycle Modeling (system-level) - iterative process
1.Piece-Part Analysis (static) - minimum margins of safety
2. Fracture and Fatigue Analysis (dynamic) - safe life Analysis

7) Write methods in piece part Analysis? 
· Identify all loads on each part / subsystem
· Calculate margins of safety
· Tabulate minimum margins of safety

8) What is primary structure? 
       Primary structure is the system's backbone (carries all of the major loads imposed on vehicle)
9) What is secondary structure? 
Secondary structure includes all essential appendages and support structures (such as solar arrays, antennas, & fuel tanks)
10) What is tertiary  structure? 
Tertiary structures are less-essential mounting hardware (brackets, component housings, connector panels)
11) What are the examples of primary structures? 

Example of primary structure
Thin-walled cylindrical launch vehicle
Challenge is to figure out how to react shear & torsion stresses
Buckling of skin is most common failure mode
Buckling of a cylindrical section:

12) What are Maneuvering loads?
· Maneuvering loads
· tight turn
· driving on an incline
· losing traction / support on one wheel
13) What are critical loads?
• Crash loads
· driving into a big boulder
·  rolling vehicle in unstable soil
·  safety is primary consideration
14) What are thermal loads?
Thermal Loads
– sun / shadow thermal gradients
– eclipse effects (thermal snap)
15) What are the observation of launch loads?

Individual loads could be applied to same position on canister at same times - conservative approach is to use superposition to define worst case. 43% margin indicates that canister is substantially overbuilt - if launch loads turn out to be critical load case, redesign to lighten structure and reduce mass.

16)   what are mechanical dynamic  loads?
 Mechanical Dynamic loadsThe mechanical dynamic loads during launch can subdivided into:•Low frequency sinusoidal vibrations in a frequency domain of 5–100 Hz.•Random vibrations in a frequency range of 20 – 2000 Hz.An example of the low frequency and anexample of high frequency acceleration 


17) What are sinusoidal loads?
 Sinusoidal loadsLow frequency sinusoidal vibrations occur as a result of the interaction betweenlaunch vehicle mode forms and loads occuring during [NASA Practice No. PT-TE-1406, Lalanne 2002a]:•Lift-off, the fast build-up of thrust causes a shock load that excites the low fre-quencydomain.•Combustion of the engines, during combustion of the engines sinusoidal vibra-tions occur, both in, and adjacent to, the launch direction.

18) What are steady state loads?

 Steady-State LoadsThe maximum steady-state acceleration in the launch direction occur at the end ofthe propulsion phase of a rocket stage. The acceleration increases because the massof the launch vehicle decreases, while the overall thrust remains the same

19) What are dynamic load during launch?
• Dynamic loads during launch–Steady-state acceleration (inertia loads)–Sinusoidal vibrations–Random vibrations–Acoustic loads–Shock loads–Pressure variations
20) What are the Vibration tests required for the qualification of the spacecraft structure?
–Sinusoidal vibrations
–Random vibrations
–Acoustic pressures
















UNIT 2 -DESIGN OF SPACECRAFT STRUCTURES
1) Define Flight limit load?
 Flight Limit Load The flight limit load for a given design condition is the maximum occurring load with, for example, a probability of 97.7%  ( 2σ ). This usually holds for spacecraft. The stress that is calculated with applied flight limit loads is called the limit stress.
2) Define Design loads?
 Design Limit Load The design limit load is the limit load multiplied by the design factor to avoid risks during the design and the test phase. Design  limit load is also known as qualification load.
3) Write about ultimate load?
Ultimate Load In general, the ultimate load is the design load multiplied by a factor of safety (FOS). The ultimate loads are the most critical loads for the design. The structure must be able to support  this load without failing. The calculated stresses when the ultimate loads were  applied are known as ultimate stress.
4) What are buckling loads?
 Buckling Load The buckling load is the design load multiplied by the buckling safety factor. The most unfavourable combination of buckling loads must not lead to buckling or failure of the structure. Imperfections should also be accounted for (knock down factors). 
5) What is yield load?
 Yield Load The yield load is the design load multiplied by a yield safety factor. The structure must be able to support this load without permanent deformation. 
6) Define proof loads?
 Proof Load The proof load is the limit load multiplied  by the proof factor. The proof load is used to test parts of the structure before  the entire spacecraft or launch vehicle is tested. An example of a proof load is the  testing of fuel tanks at a certain internal pressure. 
7) Define allowable stress?
 Allowable stress The allowable stress is the maximum stress  that can be applied without breakage, failure or any other detrimental deformation occurring.
8) Define Material strength? 
Material Strength The material strength is the level of stress  that a certain material can support in a part of a structure under the expected loads.
9) Define qualification loads?
. Qualification Loads The loads that are applied during the qualification tests are called the qualification loads. 
10) What are flight acceptance loads?
 Flight Acceptance Loads The flight model (FM) of the spacecraft  will be tested against flight acceptance loads before it will be launched.
11) What is margin of safety?
 Margin of Safety The margin of safety (MS  or  MoS) is defined as the ratio  between the allowable strength or stresses (A,  B  or other) and the actual stresses multiplied by a safety factor minus one. This means that the value of  the margin of safety must be greater than or equal to zero.
12) Define fail safe?
 Fail-Safe A structure is designed to be fail-safe when the total structure does not fail after the failure of one structural element. 
13) Define safe life?
Safe-life A structure has been designed to be safe-life if the largest possible undetectable crack in a structural element does not  augment under oscillating and main loads.
14) What are natural frequency in design loads?
Natural frequencies The natural frequency is a governing design  requirement for all  parts of the spacecraft. This requirement is imposed in order to limit the dynamic coupling of the spacecraft with the launch vehicle. 
15) Define semi static load ?
Semi-static and low frequency sinusoidal loads The design of the primary structure is determined to a large extent by the semistatic and low frequency sinusoidal  loads (up to approximately 50Hz).
16) Define sinusoidal and random.load in desgin loads?
 Sinusoidal and random loads To  a large extent, the sinusoidal and random loads determine the design of secondary structures (solar panels,  antennas, electronic boxes).
17) Define acoustic loads?
 Acoustic loads Light structural parts with relatively large surface areas (such as solar panels and spacecraft antennas) are more sensitive to  acoustic loads than sinusoidal and random base excitation. 
18) What are shock loads?
Shock loads Deployable structures experience high shock loads; for example during latch-up of hinges in the required final position of these mechanisms. This is especially the case when the deployment velocities are too high. 
19) What are thermal changes in design loads?
Temperatures Temperature variations usually cause high  thermal stresses in the structures. In general, the various coefficients of expansion are accounted for in  the choice of the structural materials. Thermal deformations are taken into account when working with structures that must  be aligned with each other. 
20) Define Random loads?
Random Loads The design of instruments and electronic  boxes are determined by the random base excitation.

UNIT-3 SPACECRAFT MASS AND MODAL EFFECTIVE MASS

1 ) When does unsymmetrical bending takes place? 
a. The section is symmetrical like I section, rectangular section, circular section, but he load-
line is inclined to both the principal axes. 
b. The section itself is unsymmetrical like angle section or a channel section and load line is 
along any centroidal axis. 
2)  A beam bends about its neutral axis for both symmetrical and unsymmetrical bending. (True/ 
False) 
Ans.: True. 
3 ) What is unsymmetrical bending? 
If the load line on a beam does not coincide with one of the principal axes of the section, the 
bending takes place in a plane different from the plane of principal axis. This type of bending is 
known as unsymmetrical bending. 
4). What is symmetrical section? 
The size and shape of the object is same to the left or right or both sides of the axis, the section is 
known as symmetrical section. 
5)  What is principal planes and principal stresses. 
There are always three mutually perpendicular planes along which the stresses at a certain point (in a body) can be resolved completely into stresses normal to these planes. These planes which pass through the point in such a manner that the resultant stress across them is totally a normal stress are known as principal planes and normal stresses across these planes are termed as principal stresses. 
6) What is a beam? 
(i) A bar which is loaded transversely. 
(ii) Rolled or extruded sections of certain profiles. e.g I-beam 
7) What is a column? 
A vertical pillar or shaft of cast iron, forged steel, steel plate in box section, stone timber etc., used to support a compressive load. 
8 ) What is strut? 
Any light structural member or long column which sustains an axial compressive load. Failure occurs by bending before the material reaches its ultimate compressive stress. 
9)  What is stress? 
When a body is acted upon by same load or external force, it undergoes deformation [(i.e) 
Change in shape or dimensions], which increases gradually. The internal resistance which the body offers to meet with the load is called stress. 
10)  Classify stress. 
(a) Simple or direct stress 
(i) Tension 
(ii) Compression 
(iii) Shear 
(b) Indirect stress 
(i) Bending 
(ii) Torsion 
(c) Combined stress

11). What is symmetrical section? 
The size and shape of the object is same to the left or right or both sides of the axis, the section is 
known as symmetrical section. 
12) State structure. 
Structure is composed of several bars or rods jointed together in a particular 
fashion. 
Members under tension is called tie. 
Members under compression is called strut. 
13)Differentiate beams and columns 
. Beam Column
1. Horizontal member
2. Transverse load
1. Vertical member
2. Axial load
14) Differentiate Truss and frame 
Truss Frame
Truss is defined as number of members riveted together to carry the horizontal, vertical and 
inclined loads in equilibrium.Frame is defined as number of members welded together to carry the horizontal, vertical loads in equilibrium.
15) Differentiate the perfect and imperfect frames?
Perfect frame Imperfect frame


16). Define plane truss and space truss. Give some examples. 
A plane truss is a two dimension truss structure composed of number of bars hinged together to 
form a rigid frame work, all the members are lie in one plane. Eg.: Roof truss in industries. 
A space truss is a three dimension truss structure composed of number of bars hinged together 
to form a rigid frame work, all the members are lie in different plane. Eg.: Transmission line towers,
crane parts. 
17) What are the methods used to analyze the plane & space frames? 
• Analytical method 
1. Method of joints
2. Method of sections (method of moments) 
3. Tension co-efficient method. 
• Graphical met

18)  Give relation between the number of members and joints in a truss and explain its uses. 
n=2j-3, where n= number of members, j= number of joints. This relation is used to find the type 
of the frames. Perfect frame is only solved by method of joints. 
19 )What are the hints to be followed while analyzing a cantilever truss using method of joints? 
• There is no need to find the support reactions. 
• The analysis is to be started from the free end where there is a maximum of two unknown 
forces, using the condition of equilibrium Σ Fx = 0 and Σ Fy =0.
• All the members are assumed to be tensile. 
• Consider tensile forces as positive and compressive as negative. 
• The force convention is, upward force assigns positive sign and downward force assigns negative 
sign. 
20)  What are assumptions made in the analysis of a truss? 
1. In a frame or truss all the joints will be pin jointed. 
2. All the loads will be acting at the joints only.
3. The self-weight of the members of the truss is neglected. Only the live load is 
considered. 
4. The frame is a perfect one

 UNIT 4  FATIGUE LIFE PREDICTION

1. What is meant by stress concentration? Explain how its value can be reduced.
A stress concentration is a location in an object where stress is concentrated. An 
object is strongest when force is evenly distributed over its area, so a reduction in area,
e.g. caused by a crack, results in a localized increase in stress. Fatigue cracks always start 
at stress raisers, so removing such defects increases the fatigue strength.
Internal force lines are denser near the hole
2. How does one determine the endurance limit stress?
(i) Endurance limit stress related to hardness:
Se(Mpa) ≈ (0.25x6.897)xBHN for BHN ≤ 400, if BHN > 400, Se ≈ (100x6.897) Mpa,
where BHN is the Brinell hardness number.
(ii) Endurance limit stress related to ultimate strength:
Se ≈ 0.5 x Su for Su ≤ (200x6.897) Mpa
If Su > (200x6.897)Mpa, Se ≈(100x6.897) Mpa
The alternating stress level corresponding to a life of 1000 cycles. S1000, be 
estimated as 0.9 times the ultimate strength. The line connecting this and the 
endurance limit is the estimate used for the S-N design line point


3. What is an SN curve? Explain the significant points in the curve.
S-N diagram, which is a plot of alternating stress, S, versus cycles to 
failure, N.
Actual S-N line representing the mean of the data. Certain materials, 
primarily body-centered cubic (BCC) steels, have an endurance of fatigue limit, 
Se, which is a stress level below which the material has an “infinite” life. For 
engineering purposes, this “infinite” life is usually considered to be 1 million 
cycles.
4. What are the effects of notches and cutouts in the loaded structures?
The existence of irregularities or discontinuities, such as holes, grooves or notches 
and cutouts in a part increases the magnitude of stresses significantly in the immediate 
vicinity of the discontinuity. Fatigue failure mostly originates from such places. Hence its 
effect must be accounted and normally a fatigue stress concentration factor Kf
, is applied 
when designing against fatigue, even if the materials behaviour is ductile.
Fatigue stress concentration factor,
5. Explain the terms:
(a) Endurance limit
(b) Endurance Strength
(a) Endurance limit
The endurance limit, also known as fatigue limit, is a stress level below which a 
material has an "infinite" life. Infinite life is commonly considered to be 1 million 
cycles.
Se(Mpa) ≈ (0.25x6.897)xBHN for BHN ≤ 400, if BHN > 400, Se ≈ (100x6.897) Mpa,
where BHN is the Brinell hardness number.
(b) Endurance Strength
Endurance limit related to Ultimate Strngth
Se ≈ 0.5 x Su for Su ≤ (200x6.897) Mpa
If Su > (200x6.897)Mpa, Se ≈(100x6.897) Mpa

6. What is fatigue according to ASTM standards?
The process of progressive localized permanent structural changes occurring ina
material subject to conditions that produce fluctuating stresses and strains at some 
point or points and that may culminate in cracks of complete fracture after a sufficient 
number of fluctuations.
7. What are the various variables that affect the S-Ncurve?
Variables
Stress amplitude or Alternating stress 
Fatigue strength
Yield tensile stress 
Ultimate tensile stress 
Life to failure (N) 
Factors
Material Composition 
Heat treatment 
Operating Temperature
Grain size and grain direction 
Welding
Surface condition
8. Explain the term: Notch sensitivity.
Notch sensitivity „q‟ is defined by the equation,
The values of q are between zero and unity. It is evident that if q=0 then Kf =1 and 
the material has no sensitivity to notches at all. On the other hand q=1, then Kf=Kt
, 
and the material has full notch sensitivity. In analysis or design work, find Kt first, 
from geometry of the part. Then select or specify the material, find q and solve for Kf
from the equation
9. Explain the methods of reducing stress concentrations.
Stress concentrations can arise at sharp corners and abrupt changes in section. 
Fillets should therefore be provided at re-entrant corners and cut-outs, such as 
windows and access panels should be reinforced. Rivets should not be used in 
areas of high stress and stiffness should be bonded to plates rather than attached 
by rivets. In machined panels the material thickness should be increased around 
bolt holes, while holes in primary bolted joints should be reamed to improve 
surface finish. Surface scratches and machine marks are sources of fatigue crack 
initiation.
10. Draw typical S-N curves for mild steel and aluminium and explainthe
differences.
At higher stress, of course, the component has a short fatigue life. For mild steel, 
it is found that below the endurance limit σe material does not fail. However distinct 
endurance limit is not observed for Aluminium (non ferrous materials).
11. What is limiting range of stress?
The greatest range of stress (mean stress zero) that a metal can withstand for an 
indefinite number of cycles without failure. If exceeded, the metal fractures after a certain 
no. of cycles which decreases as the range of stress increases. Also called endurance 
range; half this range is the fatigue limit or endurance limit.
12.What is Neuber‟s rule?
= 
 states that the theoretical stress concentration the geometric 
mean of the stress and strain concentration or the square root of the product of Kσ and Kε. 
This seems intuitively reasonable since after yielding occurs, Kσ decreases while Kε
increases as shown in Fig. although this method was proven only for one notch geometry, 
it is assumed that this relationship holds true for most notch geometries. This versions of 
equation termed Neuber‟s rule, are often used in the local strain approach to relate 
nominal stresses and strains to local values.
14.Explain the term: Mean stress 
Mean stress,
15.Define the term: Stress range
Stress range is the difference between maximum stress and minimum stress.
Stress range,
16. Define the following term: Stress ratio
Stress ratio, is the minimum stress and maximum stress.
17. Explain the following term: Amplitude ratio
Amplitude ratio is the ratio between amplitude stress and mean stress 
Amplitude stress,
The R and A values corresponding to several n loading situation are: 
Fully reversed: R=-1, A=∞
Zero to max: R=0, A=1 
Zero to min: R=∞, A= -1 
Where R=Stress ratio
18. What is fluctuating stress?
Variable loading is often characterized by an amplitude component σa as ordinate 
and a steady component σm as abscissa. Defined in terms of maximum stress σmax and 
minimum stress σmin the co-ordinate

19. What is repeated stress?
More commonly seen in engineering applications than the reversed cycle, the 
repeated stress cycle is a sine wave that is asymmetric about the x axis. The max. and 
min. stresses are NOT equal and opposite in sign.
20. What is Soderberg line?
If the point of the combined stress below the Soderberg line then the component will not 
fail. To establish the factor of safety relative to the Soderberg criteria. This is a very 
conservative criteria based on the material yield point 

UNIT 5DAMAGE TO SPACECRAFT BY METEOROIDS AND ORBITAL DEBRIS

1) In  which  part  of  the  sky  can  you  find  Venus  if  it  is  visible  as  an  evening  star? 
Venus  appears  in  the  western  sky  after  sunset  and  is  called  the  evening  star. 

2) Name  the  largest  planet  of  the  solar  system. 
The  largest  planet  of  the  solar  system  is  Jupiter.

3) :What  is  a  constellation?  Name  any  two  constellations.
: A  constellation  is  a  group  of  stars  that  form  a  recognisable  pattern  in  the  sky. The  two  well  known  constellations  are  Ursa  Major  and  Orion. (a)  Ursa  Major  appears  like  a  big  dipper.  There  are  three  bright  stars  in  the  handle  and  four  stars in  the  bowl  of  the  dipper 

4) Name  two  objects  other  than  planets  which  are  members  of  the  solar system.
Asteroids
 Consider  two  stars  at  the  end  of  this  bowl.  Now,  draw  an  imaginary  straight  line  towards  the Northern  direction  connecting  these  two  stars  (as  shown  in  the  given  figure). A  collection  of  a  large  number  of  small  objects,  gases  and  dust  are  revolving  around  the  sun. They  occupy  a  large  gap  between  the  orbits  of  Mars  and  Jupiter.  However,  these  are  not planets.  These  celestial  objects  are  known  as  asteroids.
 (ii)  Meteors   are  small  celestial  objects  that  are  seen  as  bright  streaks  of  light  in  the  sky.  They  burn out  on  entering  the  Earth’s  atmosphere  because  of  the  heat  produced  by  friction.  This  results  in bright  streaks  in  the  sky.  They  are  not  planets. 

5) Explain  how  you  can  locate  the  Pole  Star  with  the  help  of  Ursa  Major. 
 In  order  to  locate  the  Pole  star  in  the  sky,  first  of  all  Ursa  Major  or  Big  Dipper  constellation  must be  located.



6) Do all the stars in the sky move? Explain. 

 No. The Earth rotates from West to East on its axis. Hence, all stars in the sky (except the Pole star) appear to move from East to West. With reference to the Earth, the Pole star does not appear to move in the sky because it is located above the axis of rotation of the Earth in the north direction. It appears to remain stationary at a point in the sky. 
7)  Why is the distance between stars expressed in light years? What do you understand by the statement that a star is eight light years away from the Earth? 
The distance of the stars from the Earth and the distance between the stars are very large. It is inconvenient to express these distances in kilometre (km). Thus, these large distances are expressed in light years. One light year is the distance travelled by light in one year. One light year is equal to 9.46 × 1012 km. A star is located eight light years away from the Earth. This means that the distance between the star and the Earth is equivalent to the distance travelled by light in eight years, i.e., a star is located 8 × (9.46 × 1012) = 7.6 × 1013 km away from the Earth. 
8) The radius of Jupiter is 11 times the radius of the Earth. Calculate the ratio of the volumes of Jupiter and the Earth. How many Earths can Jupiter accommodate?
 Earth and Jupiter can be considered as two spheres with radii R and R’ respectively. Given that the radius of Jupiter is 11 times the radius of the Earth. Thus, R’ = 11 R
9)  Meteors are not visible during the day time. Explain the reason. ANSWER:  Meteors are very small objects which glow due to friction when they enter the earth’s atmosphere. They are not visible during the daytime because their brightness is extremely small as compared to that of the sun.  
10) Why does the moon change its shape daily?
 ANSWER:  Moon changes its shape daily because it revolves around the earth and we see only that part of the moon from which light of the sun is reflected towards us. 

11) Paheli saw the moon through a glass window at 8:00 pm. She marked the position of the moon on the glass pane. She got up at 4 am in the morning. Will the moon be visible at the same position? ANSWER:  No, Paheli will not be able to see the position of the moon at the same place because due to revolution of the moon around the earth, the position of the moon keeps on changing during the night
.  
12) Suppose the moon emits light of its own. Would it still have phases? Justify your answer

. ANSWER:  No, it will not have the phases because the phases are due to the reflection of different intensities of light falling on moon from the sun due to its revolution around the Earth. Now, since the moon will have its own light, it need not to be dependent on Sun’s light to glow, so it will glow continuously and completely.  

13) Can we see the meteors falling on the moon ? 

 Meteoroids are small metallic or rocky bodies that travel across the space. When they enter the earth's atmosphere, they start burning due to friction produced because of resistance provided by the atmosphere. These burning meteoroids are called meteors. There is no atmosphere on the moon therefore, we cannot see a meteor falling on the moon.
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14. What is strain life relation?

By using the relation
B¢ A€, A€,

2 2 2

The total strain can now be rewritten by using the equations

A€ :
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and
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We get the equation
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The above equation is the basis of the strain — life method and is termed the
strain-life relation.

15. What is Rain flow counting? (Falling rain approach)

The first step in implementing this procedure is to draw the strain time
history so that the time axis is oriented vertically with increasing time downward.
Now imagine that the strain history forms a no. of ‘pagoda roofs’. Cycles are then
defined by the manner in which rain is allowed to drip or fall down the roofs. A
number of rules are imposed on the dripping rain so as to identify closed
hysteresis loops.

16. What is level crossing counting?
In this procedure the strain axis of the strain-time plot is divided into a number of
increments. A count is then recorded each time a positively sloped portion of the
strain history crosses an increment located above the reference strain. Similarly
negatively sloped strain below the reference strain, a count is made. In addition,
crossings at the reference strain are also counted.

17. Draw the strain-life curve?

Strain-life curve. |
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18. What is Peak counting?

The peak counting method is based on the identification of local maximum and
minimum strain values. To begin, the strain axis is divided into a number of
increments. The positions of all local maximum (peak) strain values above the
reference strain are tabulated, as are the positions of all local minimum (valley) strain
value below the reference strain.

19. What is simple — range counting?
‘With this method the strain range between successive reversals is recorded. In
determining counts, if both positive ranges (valley followed by peaks) and
negative ranges (peaks followed by valleys) are included, each range is
considered to form one-half cycle. If just positive or negative ranges are recorded,
each is considered to form one full cycle.

20. What is Non-linear damage theory?

Many nonlinear damage theories have been proposed which attempt to overcome the
shortcomings of Miner’s rule. The following is a general description of a nonlinear
damage approach which is currently of research interest and has some applications in
design. This method predicts the following relationship between damage fraction, D, and
cycle ratio, n/N:

_~
o=(3)

where the exponent, P, is a function of stress level. The value of P is considered to fall in
the range zero to 1, with the value increasing with stress level. When P=1 the method is
equivalent to Miner’s rule.
21. What are the applications of strain — life approach?
(i) Applications where plastic strains are significant. This may involves
situations where load or stress levels are high, such as root of a notch.
It involves material with low yield points such as low strength steels
and some stainless steels.
(ii)  High temperature applications such as gas turbine engine components
where fatigue-creep interaction is important.




