[ Computer Programs |

BIMETALLIC STRIP

INPUT: (a material is on top and b material is on bottom)

tg:=20 tp:=20 (Thicknesses of aand b, in) w:=1 (width,in) le := 1 (Length of strip, in)
E 5 = 10000000 E p = 30000000 (Young's modulus of a and b, psi)
o 5= 12-10'6 opi= 6-10'6 (Coefficients of thermal expansion (CTE) for a and b, in/in/deg F)

M :=-10000 (Bending moment, in-Ib) AT = 100 (Temperature difference, deg F)

Roark and Young Equations, p112:
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Mechanical Bending Stresses:
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S aupperm T ——5 2 + o + Erir S aupperm = 2.885-10 (Stress top of a, psi)
w-t ™K q a b*b
6M [, ta Eptp) 3 :
S plowerm ‘= S plowerm = ~9-192-10 (Stress bottom of b, psi)
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Thermal Stresses:

t = 692.308 (Stress top of a, psi)

G auppert = G aupper
pp < pp

-4.846-10° (Stress bottom of b, psi)

S plowert -~ K, S plowert =

Total Stresses:

3 .
S aupper =0 aupperm + 0o auppert © aupper = 3.5769-10 (Stress top of a, psi)

— _ 4 .
S plower '~ © blowerm T © blowert S plower = -1.0038-10 (Stress bottom of b, psi)
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Thermal Stress Calculations:
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h:i=t g+t h = 4.000 | 5= — | 5 = 0.667 l iz — | b = 0.667
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K = - / Kk =-2.077-107 (Curvature, 1/in)
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2 h Eaqta Ept b/
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pi== p =-4.815-10" (Radius of curvature, in)

K

2-(E gl g+ Epl
P .= ( a a b b> P =-2769-10° (Interface force, Ib)

h-p
E 5l E -l
Magi=—2 8 M,=-138510° Mp:=—2 P M =-4154.10° (Bending moments in a and b, in-lb)
p p
-P  laFa ~-3462-10°  (Atinterface of st i
S amax = G + 27 S amax =~ 3 . (Atinterface ofa)  (Stress, psi)
1 2 taE . :

S amax ;[ <h_ta><E alat+Ep! b> + a-a S amax = -3.462-10° (At interface of a) (Stress, psi)

-P 'aFa - = 692.308 At top surface of s i
S amin = . - 25 S amin = . (At top surface of a) (Stress, psi)

a .
_-P_bEb - 7615-10°  (Atinterface of b s i

S pmax = ™ 27 S pmax = /- . (At interface of b) (Stress, psi)

--P foEb ~-4846-10°  (Atb face ofb) (S i
S pmin = ™ + 25 S pmin = -4 . (At bottom surface of b)  (Stress, psi)

le’ 5
d:=— 8§=-259-10 (Deflection, in)



Mechanical Stress Calculations:
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na = 2.500

(neutral axis from top of laminate, in)

| = 8.667 (Moment of inertia per Timoshenko for unit width)

3 3 2 2
taEa tpEp / ta tp \ 7
El = + +tgE4q na-— +tpEpltg+——-na El = 8.667-10
12 a-—-a \ 2 / b'Eb a 2 /
(Bending stiffness, Ib-in*2/in)
t th)
E gtglt & fEpty
atailb "‘7 TEblb 2
na := na = 1.500 (neutral axis from bottom of laminate, in)
Eatat+tEptp
1 Ep 1 E E b tp\* E [t ?
| = _~_tb3~w+_-_a~t as~w+_-w~tb~ na - — +_a~w-t a tb+_a— na | = 8.667
12 E 4 12 E 4 Ea 2 Ea \ 2

Stresses in top layer a, psi:

M-(c - na)

(Distance from bottom of laminate, in)

(Moment of inertia, Ib-in*2)

Ci=tg+tp,tg+tp—.25.1,4

o(c):=- I o(c) = c=
2.885-103 4.000 Stresses in bottom layer b, psi: Ci=tp,tp—.25..0
2.596-103 3.750 (Distance from bottom of laminate, in)
2.308-103 3.500
2.019-103 3.250 _ Eb . (c-na)
1731103 3.000 ole)ym-goM——
1.442-103 2.750
1.154-103 2.500
865.385 2.250 ole) - -
576.923 > 000 1.731-103 2.000
865.385 1.750
Eata+Eptp 7 ) ) 0.000 1.500
E eff i= P E eff = 2.000-10" (Effective modulus, psi) 865 385 1.250
E ot st Ept o -1.731-103 1.000
CTE off = a b cre off = 7.500-10°° (Effective CTE, infin/deg F) |-2.596-103 0.750
EatatEptp -3.462-103|  [0.500
-4.327-103 0.250
-5.192-103 0.000




Laminate Thermal Load Analysis using Classical ABD Formulation:

ht::g h¢=2000 h{=hg-tg hj=0000 hb::7h h, = -2.000

E E
Alli=E gta+Eptp All=800010"  Bll:= T""(h Z-ni) +Tb-<h 2-hp?)  Bll=-4000-10"

Nxt i= E ATt -0 4 + E p-AT-t p-cNxt = 6.000-10"

1 3 3 3 3 8
Dil:==| (h¢y -=hi)-Eg+(h:"=hp’)E D11 = 1.067-10
3 [< t i > a < i b > b]
_1 2 2) (. 2 2) _ 4 .
Mxt = E h{ —hj o aAT-E g+ \h i —hp o b'AT-Ep Mxt = -1.200-10 (Thermal moment, in Ib/in)
a44 = All a44 = 1.154.10°°

A11-D11 - B11°

D11 all = 1538-100%  al4 = -B11 ald = 5.769-10°°

A11-D11 - B11° A11-D11 - B11°

all:

&« i= all-Nxt + al4-Mc , = 8.538-10°"
(Mid-plane strains and curatures)

Ky i= ald-Nxt + add-Mxt « , = 2.077-10°"

h:i=hj,hj+.2.h{ (Zerois at mid plane)
(Stress in bottom material b, psi)
— \
o a(h) = (e gtk yh—0a AT -E g

o p(h) = (e x+k yh—apAT)Ey

c g(h) = h =
-3.462-103 0.000 hi=hihi-2.hp
-3.046-103 0.200
-2.631-103 0.400 o p(h) = h =
-2.215-103 0.600 7.615-103 0.000
-1.800-103 0.800 6.369-103 -0.200
-1.385.103 1.000 (Zero is at mid plane) 5.123.103 -0.400
-969.231 1.200 3.877-103 -0.600
-553.846| |1.400 2.631-103 -0.800
-138.462 1.600 1.385:103 -1.000
276.923 1.800 138.462 -1.200
692.308 2.000 -1.108-103 -1.400
-2.354-103 -1.600
(Stress in top material a, psi) -3.600-103 ~1.800
-4.846-103 -2.000




Laminate Mechanical Load Analysis using Advanced ABD Formulation (Tsai and Hahn, Introduction to
Composite Materials):

hi=tg+tp h = 4.000 A11 = 8.000-10" na = 1.500 (From bottom of laminate, in)

2
p11-2-(na-N)B11+ 'na- N\ A11 D11 - 8667107 ad4 = - ad4 - 1.154.10°
2 \ 2) D11

D11:

B11:

B11 - <na - g> -A11 B11 = 0.000

— _ -4
Kyi=addM ok, =-1154-10

h:= 2 - na,g —na+.2..h-na (Zerois at neutral axis)
c g(h) =~ <K X-h> ‘E 5 (Stress in top material a, psi)
o 4(h) = h=
576.923 0.500 hi=ta+th
807.692 0.700
1.038-103 0.900 hi=D _na,l _na_2..na (Stress in bottom material b, psi)
1.269-103 1.100 2 /2
1.500-103 1.300 op(h)=-(xh)-Ep  oph)= h=
1.731-103 1.500 1.731-103 0.500
1.962.103 1.700 1.038-103 0.300
2.192.103 1.900 346.154 0.100
2.423.103 2.100 -346.154 -0.100
2.654-103 2.300 -1.038-103 -0.300 (Zero is at neutral axis)
2.885.103 2500 -1.731-103 -0.500
-2.423-103 -0.700
-3.115-103 -0.900
-3.808-103 -1.100
-4.500-103 -1.300

-5.192:103 -1.500




