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22 LEAF SPRINGS.

SPRING FORMULAE .

SYMBOLS , USED.
W == LoaD IN LBS.
L = EYE CENTRES IN INCHES
L.ave =  AVERAGE LENGTH OF LEAVES' IN INCHES
‘N ‘= NUMBER OF LEAVES
b = WIDTH OF LEAVES
t ., = THICKNESS OF LEAVES
S = STRESS LBS. PER SG. INCH
K =  CONSTANT - SEE CONSTANT K PAGE 51
D =  DEFLECTION IN' INCHES . From FReE CAMBER
R = RATE. LBS. PER INCH
E = MoDuLUS OF ELASTICITY (29,400,000)
d " =" |INSIDE DIAMETER OF EYE IN INCHES
FORMULAE | | ” |
: TRAVEL-
W = SNbt? W Rx DE/;’LECFON.
5 L , ~
D = 3 .
' E Nsts ) #{bw \,“‘&am
— : : AN >
R = KNbt3 o Kb NS+t 5)
L3 _ La.
S = -5 WL Fomc SEss | 15 [RES AMEEK
NBEZ ™ MR REenon
K = 78, 500, 000 (l}»(,"‘“‘ g)]
ks
PeRiODICITY = 35;30
_ d +°t
Eve STRESs = 3w (£5%)

FOR SPRINGS WHICH ARE OUT OF CENTRE SUBSTITUTE

L3 BY 16 L2 L"‘2
L3

WHERE L. AND L.~ ARF THE LENGTHS OF
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LEAF SPRINGS. conTb.

CONSTANT K . . .

KIS A CONSTANT USED IN THE DEFLECTION FORMULAE
AND T EMBRACES THE MODULUS OF ELASTICITY (29,400, 000)

- 3wL?
moEx§ = €9, 400'3000 X8 _ 78,500,000 apP.
peF = o Wles) L3 (A)

78,500,000 bnt?

THIS 1S FOR CIRCULAR RENDING ONLY ON A FULLY |
GRADED SPRING AND CAN ONLY APPLY WHEN THE RATIO OF
THE SECTION MODULUS TO THE BENDING MOMENT IS
CONSTANT THROUGHOUT THE LENGTH OF THE SPRING.

WHERE" ALL THE LEAVES ARE FULL LENGTH THE SECTION
MODULUS 1S CONSTANT THROUGHOUT THE SPRING LENGTH
AND CONSEQUENTLY THE SHAPE QOF THE DEFLECTED LEAF
WILL BE PARABOLIC INSTEAD OF CIRCULAR AND THE
DEFLECTION “WILL BE TwO -THIRDS THE ABOVE FIGURE

THEREFORE DEF = _wlms)L® . ()
| 117,000, 000 bnt?

CONSEQUENTLY THE TRUE DEFLECTION LIES
SOMEWHERE PBETWEEN FORMULAE (A)&(B). IN OTHER WORDS,
THE CONSTANT MAY VARY BETWEEN 78, 500,000 FOR A
FULLY GRADED SPRING AND 17,000, 000 FOR A SPRING
HAVING ALL LEAVES FULL LENGTH.

THE TRUE CONSTANT FOR ANY PARTICULAR "SPRING IS

CONSTANT = 78,500, 000 ( (AVERAGE LENGTH or LEAVES -%]l
(W IN Les) 3 )

IN THE CASE OF A PROGRESSIVE SPRING THERE WILL BE
TWO CONSTANTS © ONE FOR THE PRIMARY PORTION OF THE
SPRING AND ANOTHER FOR THE COMPLETE SPRING WHEN THE
PRIMARY LEAVES ARE IN FULL CONTACT WITH THE
AUXILIARY LEAVES. ~

WHERE THE THICKNESS OF THE LEAVES VARIES
(AS THEY WILL IN A PROGRESSIVE SPRING ) IT IS
NECESSARY TO CONVERT THE THICKER LEAVES INTO
AN EQUIVALENT NUMBER OF THINNER LEAVES IN
ORDER TO FIND THE AVERAGE LENGTH. THE VALUE OF
EACH LEAF DEPENDS ON THE CUBE OF ITS THICKNESS.

T ~N - I AR LIAl = ANl IAIALL TR, 16 FALVNAI NI




LEAF SPRINGS contbo.

CONSTANT K

AN EXAMPLE TO FIND THE VALUE OF K 1Is
GIVEN BELOW. |

THE ACTIVE LENGTH OF THE MAIN LEAF 15 60f BUT
WITH ALL SUBSEQUENT LEAVES THE ACTIVE LENGTH IS
SOMEWHAT LESS THAN THE ACTUAL BECAUSE THE PRESSURE
TRANSFER IS SPREAD OVER AN AREA AT THE LEAF
Tie.  USUALLY, THE ACTIVE LENGTH CAN BE ASSUMED
TO BE |" LESS THAN THE TOTAL LENGTH, WITH VERY
LONG DRAWN QR TAPERED TIPS THE ACTIVE LENGTH
MAY BE 3" LESS THAN THE TOTAL LENGTH.

IN THIS CASE THE ACTIVE LENGTH OF THE
SECOND LEAF IS 56-1 =55" ANQ THE SHORTEST
LEAF HAS AN ACTIVE LENGTH OF 6%

554+ 6% "
AVERAGE ACTIVE LENGTH OF ii LEAVES = ——5—— =30

m\\l

n

TOTAL ACTIVE LENGTH OF I LEAVES = 338 %

~ LeNGTH OF mAIN LEAF - 60"
TOTAL 12 LEAVES - 309°%"

- . 5 "
AVERAGE LENGTH OF 12 LEAVES = 399 % . 33.3"

12




LEAF SPRINGS contp.

TO DETERMINE THE "VIRTUALCENTRE OF A LEAF SPRING
|. QUARTER ELLIPTIC SPRINGS.

VIRTUAL CENTRE OF EYE.

\e L

REFERING TO FIG. 25 DRAwW A B (THE CENTRE OF THE TOP LEAF)
SARALLEL TO THE LINE TOINING THE CENTRES OF THE SPRING EYES.

AT A DISTANCE '4L FROM THE EDGE OF THE SPRING FIXING, A POINT
IS TAKEN IN THE OPPOSITE DIRECTION TO THE TURN ROUND OF THE
SPRING EYE EQUAL TO 2@ WHERE @ IS THE RADIUS OF THE EYE
BORE PLUS 2 THE THICKNESS OF THE LEAF. THIS PONT IS THE
VIRTUAL CENTRE OF THE RADIUS DESCRIBED BY THE SPRING EYE
CENTRE . |F THE EYE END IS CENTRAL WITH THE LEAF, THE VIRTUAL

CENTRE IS ON THE LINE AB AT A DISTANCE EQUAL TO '4L FROM
THE EDGE OF THE SPRING FIXING.

2. SYMMETRICAL SEMI- ELLIPTIC SPRINGS.

" VIRTUAL _CENTRE VIRTUAL CENTRE
oF A QF
B
/ A /
: \
S
L’/’*ﬁ/#’“@“?‘ Use 4 FIG. 26.

/{/ wd e f)-_fkad oy @e@‘/ﬂ t 2o jméafra%ﬂ
REFERING To FIG. 26.20RAW A LINE JOINING THE SPRING EVES.
'55TAT A DISTANCE 4L FROM THE SPRING EVE , A POINT IS TAKEN IN
THE DIRECTION OF THE TURN ROUND OF THE SPRING EYE EQUAL
TO Y2 ¢ WHERE @ 1S THE RADIUS OF THE BORE PLUS HALF THE

THICKNESS OF THE LEAF. THIS POINT IS THE VIRTUAL CENTRE OF

THE CENTRE OF THE ToP LEAF (POINT A) MIDWAY BETWEEN THE
IPRING EVES




23. CONCENTRATION OF STRESSES.

~ IN ORDER TO AVOID CONCENTRATION OF STRESSES
IN COMPONENT PARTS , IT IS IMPORTANT TO OBSERVE THE
FOLLOWING RULES IN THE DESIGN AND DETAILING STAGES:

l. AvoiD ANY SUDDEN CHANGE OF SECTION. WHERE ONE
SECTION CHANGES TO ANOTHER SECTION OF GREATER
AREA , THESE SHOULD BE CONNECTED, EITHER BY A
GRADUAL CHANGE OF SECTION, I.E TAPER, OR BY AS
LARGE A RADIUS AS POSSIBLE.

2. ALL RADII SUBTECT TO STRESS MUST BE AS LARGE AS
POSSIBLE AND NO RADII ON A STRESSED PART MAY
BE SMALLER THAN Yg

3. WHERE STRESS VALUES MAY BE HIGH IT IS VERY
IMPORTANT THAT THE CORRECT MATERIAL TOGETHER WITH
THE CORRECT BRINELL HARDONESS NUMBER IS SPECIFIED
TO GIVE THE STRENGTH REQUIRED, OR IN THE CASE OF
PRESSINGS, TO ALLOW FOR CORRECT MANIPULATION.
|[F IN DOUBT OF A CORRECT MATERIAL TO BE USED, T
IS ADVISABLE TO CONSULT THE LABORATORY, WHO CAN
MAKE THE NECESSARY TESTS TO ENSURE SUITABILITY,

4. CANTILEVERS | SUCH AS BRACKETS SUBTECT TO A
BENDING MOVEMENT SHOULD, IF POSSIBLE IN THE DESIGN,
BE TAPERED DOWN FROM THE FIXED END IN ORDER
TO DISTRIBUTE THE STRESS OVER A WIDE AREA.

5. ALL SHARP CORNERS ON MACHINING OPERATIONS
TO BE AVOIDED, PARTICULARLY WHERE CONCENTRATION
OF STRESS MAY OCCUR, AND A RADIUS OF NOT LESS
THAN Yg MUST 9( SHOWN AND DIMENSIONED ON
THE DRAWING.

6. WHERE HOLES ARE REQUIRED TO BE DRILLED IN
SHAFTS , ETC , AT RIGHT ANGLES TO THE AXIS, THESE
SHOULD BRE KEPT TO A MINIMUM SIZE, AND PLACED
IN A POSITION, IF POSSIBLE, AWAY FROM THE -POINT
OF MAXIMUM STRESS. [T wOULD ®E ADVISABLE, IN

QlIf AP TN O CUCCLY ON O AAL AT O ATIAND All AL
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CONCENTRATION OF STRESSES. contbp.

C IRCLIP  GROOVES ARE A POSSIRLE SOURCE OF
TROUBLE ON SHAFTS , AND RECESSES FOR THE
GRINDING WHEEL TO RUN CLEAR ARE NOT DESIRABLE

HlGHL\ STRESSED SHAFTS MUST BE OF A SMOOTH
FINISH.
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CONCENTRATION OF STRESSES conTp.

METHOD OF DETERMINING CORRECT RADII IN
SHAFTS. AND PLATES.

|. SHAFTS IN TORSION.

IF A SHAFT DIAMETER CHANGES ABRUPTLY AS
INDICATED IN FIG. 27 THERE IS A HIGH STRESS
CONCENTRATION AT THE POINTS X - X AT THE ROOT OF
THE RADIUS OR FILLET. |HE MAGNITUDE OF THE
MAXIMUM STRESS DEPENDS UPON THE RATIO gAND 3
WHERE R IS THE RADIUS OR FILLET, AND

d, D ARE THE DIAMETERS OF THE TwO CYLINDRICAL
PORTIONS OF THE SHAFT.

THESE HIGH LOCAL STRESSES , ALTHOUGH NOT
DANGEROUS FOR CONSTANT LOADING, MAY HAVE A
PRONOUNCED WEAKENING EFFECT WHEN THERE ARE
STRESS FLUCTUATIONS WHICH IS USUALLY THE CASE
WITH PROPELLOR SHAFTS | AXLE SHAFTS, AND
CRANKSHAFTS.

EXAMPLE USING TORSION GRAPH FIG.28,

- To FIND THE CONCENTRATION ' OF STRESS [N
A SHAFT WITH SMALL DIAMETER (d) OF |' AND THE
LARGER DAMETER (D) OF 1:2 AND RaDIUS (R) OF 08"

(i) THE CGRAPH TO BE SELECTED wiLL BE DETERMINED
Yy dQ WHICH 1S ‘;-2 orR |2
(i DETERMINE  POINT ON THIS CRAPH FROM THE

HORIZONTAL AXIS BY %F WHICH 1S 2""08 = 18

(i) PROTECT THIS POINT ACROSS TO THE VERTICAL
AXIS WHICH WILL GIVE A FIQURE OF |-4. THIS
IS THE VALUE OF K AND IS THE FACTOR OF
STRESS CONCENTRATION TO BE USED IN THE
STRESS FORMULAE. |F THIS FIQURE IS ABOVE
THE SAFETY FACTOR, THEN THE RADIUS R
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CONCENTRATION FacTor - K
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CONCENTRATION OF STRESSES conto.
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b d % S
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CONCENTRATION OF STRESSES conTb.

2. PLATES IN TENSION .

IF A PLATE OF TWO DIFFERENT WIDTHS 1S
SUBTECT TO CENTRALLY APPLIED TENSION (P) THEN
THE MAXIMUM STRESS OCCURS AT THE END OF THE
RADIUS OR FILLET. THIS IS INDICATED AT X - X
IN FIGURE 29.

THE STRESS CONCENTRATION FACTOR K
DEPENDS UPON THE RATIO OF THE RADIUS R OF THE
FILLET TO THE WIDTH OF THE PLATE w, AND IT CAN
BE SEEN FROM FIGURE 30 THAT THE MAXIMUM STRESS
RAPIDLY INCREASES AS THE RATIO 2 pDecreases.

CARE SHOULD BE TAKEN IN FINDING K, THAT
CORRECT CURVE IS SELECTED FOR THE APPROPRIATE
RATIO ¥ ‘

R

WHEN = = 01 THE MAXIMUM STRESS IS

MORE THAN TWICE THE AVERAGE TENSILE STRESS.
MAXIMUM STRESS WwILL BE IN SMALLER SECTION
JF PLATE AT X -X FIGURE 29.

THEN X 5 5
}S MAX. = K W - K WX D
WHERE K = STRESS CONCENTRATION FACTOR

FROM FIGURE 30.

3 PLATES IN BENDING.

FIGURE 31 SHOWS A SIMILAR PLATE AS THE ONE
SHOWN IN FIGURE 23 BUT SUBTECT TO PURE BENDING
BY A COUPLE AT THE END AND ACTING IN THE MIDDLE
PLANE OF THE PLATE.
THE POSITION OF GSTRESS CONCENTRATION IS
ALSO SIMILAR TO FIGURE 29 BUT THE FACTOR K WILL
VARY DUE TO THE DOIFFERENCE OF THE APPLIED FORCES.
THE STRESS CONCENTRATION FACTOR K CAN
BE OBRTAINED FROM FIGURE 32 BUT CARE MUST BE
TAKEN [N SELECTION BY USING THE CORRECT RATIO
oF W,
W THE STRESS FORMULAE TO BRE USED wILL BE

THE STANDARD ONE FOR THE DEFLECTION OF BEAMS:

J[s Max = K "iIH
WHERE f; MAX. = MAXIMUM STRESS
M = BRENDING MOMENT
T = SFCOND MOMENT OF AREA
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STRESS CONCENTRATION PACTORS

TENSION
0 - Y =3
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