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FOREWORD

Changes in this Revision are format/editorial only.

1. SCOPE:
Data are relateq to the dimensional changes with respect to room témperature angl provide accuracy
sufficient for use with most aerospace systems. Two basic methdds of solution arg presented with
examples for steady state conditions involving uniform and non-uniform temperatyre distributions.

The answers to[the example problems are carried to the fifth.place for a comparison of the results
between Methogls | and II.

1.1  Purpose:
This report is |ntended to assist in the calculation of metal dimensional changes |[due to temperature.

2. REFERENCES
There are no referenced publications:'specified herein.

3. METHOD I:

This solution uses the mean coefficient of thermal expansion of the material under] consideration and
the temperaturgd change from room temperature to the final steady state temperatdire.
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3.1  Uniform Temperature Distribution:

Table 1 lists the mean coefficients of thermal expansion of various materials thru the useful
temperature range of the particular material. To solve for the change in dimension of a material with
uniform temperature distribution, the following equation is used:

where:

AD = Change_in dimension at a temperature T (inches)

AD = (D) (o) (AT)

D =Room tJamperature dimension of the material; (inches)
pefficient of linear thermal expansion for the temperature range from room

o =Meanc
tempera

T = Final steady state temperature; ( °F)

AT = Temper

3.1.1 The mean copfficient of expansion of a material at a particulaptemperature may

Table 1. The

3.2 Non-Uniform Tz

The non-unifor

gradient requirgs two known temperatures along dimension D. The temperatures

n" are found th

temperatures along dimension D. A largefnumber of temperature readings will

accurate result
suggested the
The change in

due to the temperature at each station, using the parabolic solution. (Simpson’s |

ture (70 °F) to a temperature T, (inches/inch - °F)

hture change related to room temperature; [(T - 70) °K]

coefficient is computed by interpolating between the two nearest

bmperature, Linear & Non-Linear Distribytion:

ru interpolation. The non-linear temperature gradient requires a a
5. It is quite possible that the known temperatures will not be eve

Himension (D) is found by adding the incremental width change of ¢

(Eq. 1)

not be given in
alues.

m temperature distribution can be either linear or non-linear. The ljnear temperature

at stations "o" thru
umber of known

roduce more

ly spaced. ltis

emperature vs. dimension D be plotted to find the temperature at gny given station.

gual width panels,

Rule).
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3.2.1 The dimension (D) is divided into an even number of equal width panels.
The equation to compute the change in dimension is as follows:
_H
AD = 3 (Yot Y ) +4 (Yt Yt Y+t oo+ Y ) +2 (Yot Y Y+ Yol (Eq.2)
where:
H = Panel width (inches)
¥y = Unit growth (infin)= (00) (AT,); at station O
Y.I = Unit gm\f\rl'h (inlin): (.rv1) (AT1); at station 1
Y, = Unit growth (in/in) = (02) (AT,); at station 2
Y, = Unit growth (in/in)= (on) (AT,); at station n
oo — h = [Mean coefficient of expansion at stations "o" through "n"; (infin- °F|
ATo — n = Steady state temperature, related to room temperature, at’stations|"o" through "n";
(°F)
n = Number of panels, must be even.
NOTE: The values given for the mean coefficients of thernmial expansion in Tabl¢ 1 are composites

of dafa received from prime material manufacturers.

3.3 Examples of Method I:

3.3.1 Find the change of a 6.00 inch dimension of stainless steel type 347 material. 7
state temperature is 1000 °F. From Table (1,'the mean coefficient of thermal exj

(10‘6) in/in- °F. Using the equation in pafagraph 3.1, the change in dimension is

AD = (8.00).040.1) (107°%) (930) = .05636 inches

The dimensign at the final stéady state temperature is 6.05636 inches

[he final steady
vansion is 10.1
as follows:

(Eq. 3)
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3.3.2 Find the change of a 8.00 inch dimension of stainless steel type 321 material. The final steady
state temperature is a linear distribution from 200 °F to 1000 °F. Eight (8) equal panels of 1.00 inch
width are arbitrarily chosen. The AT at stations "o" through "n" are as follows:

AT, =130 °F
AT; =230 °F
AT, =330 °F
AT = 430 °F
AT, =530 °F
ATs =630 °F
ATg =730 °F
AT, =830 °F
ATg =930 °F

3.3.2.1 From Table| 1, the mean coefficients of thermal expansion, at the final'steady state temperature

for each stagtion, are used for type 321 stainless steel material. The unit growth at stations "o
through "n"|are as follows:

Y, = (130) {8.30) (10°%) = 1.079 (10°%) in/in
Y, = (230) {8.60) (10°°%) = 1.978 (107%) in/in
Y, = (330) {8.80) (10°) = 2.904 (10°3) in/in
Y, = (430) {9.05) (10) = 3.891 (103 infin
Y, = (530) {9.20) (10°) = 4.876 (103 infin
Y5 = (630) {9.35) (10) = 5.890 (103 infin
Yg = (730) {9.50) (10) = 6.935 (103 in/in
Y- = (830) {9.60) (10°) = 7.968 (107 infin
Yg = (930) {9.70) (10°%) = 9.021 (10-*inifin

3.3.2.2 Using the eguation in paragraph\3.2.1, the change in dimension is as follows:

AD = % [(1.079+9.02%) + 4 (1.978+ 3.891 + 5.890 + 7.968) + 2 (2.904 + 4.876 + 6.935)] (107°)

AD = .03948 inches (Egq. 4)

The dimengion\at the final steady state temperature is 8.03948 inches.

3.3.3 Findthe change of a 12.00 inch dimension of 52100 low alloy steel material. The final steady state
temperature is a non-linear distribution. Ten (10) equal panels of 1.20 inch width are arbitrarily
chosen. The temperatures at stations "o" through "n" are shown in Figure 1.
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TEMPERATURE (°F) | 1550

’w

400 SN =T

STATIONS ———= 0 | 2 3 4 5 6 7 8 9 10

FIGURE 1

3.3.3.1  The mean ¢oefficients of thermal expansion is not given in Tablg 1 for all of the stations required.

Interpolatiop between the two nearest values is necessary. <Jhe value of a at stations "o" through
"n" are as fpllows:

0, =7.335 (10'6) inches/inch - °F
o =7.2325 (10'6) inches/inch - °F
o =7.14 (10'6) inches/inch - °F
o3 =7.14 (10'6) inches/inch - °F
oqg =7.1875 (10'6) inches/inch - °F
o5 =7.2325 (10'6) inches/inch - °F
og =7.3§75 (10'6) inches/inch - €E
o =751 (10 incheslinch - °F
og =7.695 (10) inches/inch - °F
og =7.835 (10'6) inches/inch - °F
oo =7.99 (10'6) inehes/inch - °F

3.3.3.2 The unit growth at stations "o0" through "n" are as follows:

Y, =(480)(73335) (10) =3.521 (103) in/in
Y, = (405723255460 =2-920(46"infin

Y, =(330)(7.12) (10°) =2.350 (107%)in/in

Y; =(330)(7.12) (10 =2.350 (10°%) in/in
Y, =(355)(7.1575)(10°) =2.541 (10°%) in/in
Ys =(405) (7.2325) (10°) = 2.929 (10°3) in/in
Ys =(505) (7.3675) (10) = 3.720 (10°3) in/in
Y, =(580) (7.51) (10) =4.356 (103) in/in
Yg =(680) (7.695) (10°) =5.233 (107%) in/in
Yo =(780)(7.825) (10°) =6.103 (107%) in/in
( (

Yio =(930) (7.95) (10°®) =7.393 (103) in/in
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3.3.3.3 Using the equation in paragraph 3.2.1, the change in dimension is as follows:

AD

4.1

4.2

4.3

AD

= 120 113501+ 7.398) + 4 (2.929 + 2.350 + 2.929 + 4.356 + 6.108) + 2 (2.350 + 2.541 + 3.720 + 5.233)] (107"

3

The dimensi

METHOD Il

AD = .04531

on at the final steady state temperature is 12.04531.

(Eq. 5)

This solution uses a polynomial equation based on "fitting" the best curve through points of a unit
growth versus temperature curve.

Table 2 lists temperature factors C, through C;. These factors, used in the polyn

bmial expression,

define the unit growth versus temperature curve of a particular material thrgugh the useful

temperature rapge.

Uniform Tempgrature Distribution:

To solve for the
following equatji

where:

T = Final sted

C, through C = Temperature factors(from Table 2.

Non-Uniform Temperature, LinearBistribution:

change in dimension of a material with uniform temperature distri
on is used:

AD = (Cy+CT+C,TE+@TH (1079 D

dy state temperature (°F)

bution. The

(Eq. 6)

To find the chahge in dimensien of a material subjected to a linear temperature gradient, the

following equat]i

oh is used;

2 3
_ |:Co+ Cy (Totrd) & [To+Td) —(ToTd)], o [To+Td) 2TaTd (To +Td)]] (

2

10% D (Eq.7)

3 4

where:

To = Final ste

ady state temperature at D = zero inches ( °F)

Td = Final steady state temperature at D= D inches ( °F
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4.4 Non-Uniform Temperature, Non-linear Distribution:

To find the change in dimension of a material subjected to a non-linear temperature gradient, the
following equation is used to determine the unit growth at stations "o" through "n".

Y,>h = [(C,+C,T,=»n+C,T 2on+C,T 2>n)] (107 (Eq. 8)
where:

Y, — n = Unit growth at any station "o" through "n", (in/in).
T, — n = Final steady state temperature at any station "o" through "n", ( °F).

The remainder|of the solution is as defined in paragraph 3.2.1.
4.5 Examples of Method II:

4.5.1 Find the change in dimension for the example stated in paragraph 3:3.1 where:

T =1000 °F
T2 =1000 (10 %) °F
T3 =1000 (10 6) °F

C, =-.63
C, =+8.22(10%)
C, =+3.29 (10°)
C; =-1.54 (10°)

4.5.1.1 Using the egquation in paragraph 4.2;the change in dimension is as follows:

AD = [-.83+(8|22) (107%) (1000) #£2:29) (107%) (1000) (10%) —(1.54) (107 (1000) [10%)] (107%) (8.00)
AD = .05604 inches (Eq. 9)

The dimengion at the-final steady state temperature is 6.05604 inches



https://saenorm.com/api/?name=db632a72aa6d5ec24048dc8e5a971010

SAE

AIR809A

Page 8 of 15

4.5.2 Find the change in dimension for the example stated in paragraph 3.3.2.

4521

4.5.3 Find the change in dimension for the example stated in paragraph 3.3.3.

4.5.3.1

where:

To =200 °F

Td =1000 °F
(To+ Td)y =1.2 (103) °F

(To+ Td)? =1.44 (10°) °F
(To+ Td)® =1.728 (10°) °F

(ToTd) =.20 (105 °F
£ =-.67
Ci = F8 86 (10~
€5 = #1.00 (10%)
C, = .00

Using the gquation in paragraph 4.3, the change in dimension is as follows:

The dimengion at the final steady state temperature’is 8.03951.

AD =

where:

Co=-.42

C,=+576 (103
C, =+3.23 (105

Cy=-117 (1

Using the gquationtin-paragraph 4.4, the unit growth at stations "o" through "n

T, =550 °F;
T, =475°
T, =400 °
T, =400 °
T, =425°
Ts =475 °
Tg =575 °
T, =650 °
Tg =750 °
Ty =850 °

-3 3 -6 6
(8.66) (107) (1.2) (10%) , (1.00) (10™°) (144 20) (10 )] (1

-67 +
[67 > -

AD = .03951 inches

09

: =3.530 (10°%) in/in
F =2 G408 I infin
F; Y, =2.326 (10°) infin
F; Y3 =2.326 (10°) infin

F, Y, =2.522 (10 infin

<
o

F: Ys =2.919 (10°) infin
F. Yg =3.738 (10°%) in/in
F. Y, =4.367 (103) infin
F. Yg =5.223 (103) infin
F. Yq =6.091 (10-3) infin

T10= 1000 °F; Y ;= 7.400 (10-3) infin

) (8.00)

(Eq. 10)

' are as follows:
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4.5.3.2 Using the equation in paragraph 3.2.1, the change in dimension is as follows:

_ 120

AD = 2= [(3.530 +7.400) +4 (2919 +2.326 + 2,919+ 4.367 + 6.091) +2 (2.326 + 2.522 + 3,738 + 5.223)]1107°

AD = .04521 inches (Eg. 11)

The dimension at final steady state temperature is 12.04521 inches.

PREPARED UNDER THE JURISDICTION OF
SAE COMMITTEE E-25, GENERAL STANDARDS FOR AEROSPACE PROPULSION SYSTEMS
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