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inveatisa.tion _qt Fgraea Eroguoeg JD: &RRAQt 

x. Introg49tion. 
An important problem confronting the designer of 

ma011inea and structures which may be aubJeoted to sudden• 

ly applied loads is the determination Gf the &9$:HIJ. fgroee 

which the members mu.at wi t.hetand. 

This inveatigaUon has been oonfined. to a study ot 
impact forces on beam.a in simple flexure. 

An intereeting case in which impact oonf:ronta the de-

signer ie tha. t ot the airpla,1e. The airplane• because of 

its high landing speed. is a·ilbJeoted to enormous forces 

oa.u~ed by impa.ot when it lands. The landifli gear which 1a 

a. ncrne:ssary evil is made a.1 11gb. t as poes1 ble, and in many 

ea.sea it ia oruahed. by the impact toroe a\ landing., 

If a method oould bl devised for measuring direotl7 

the maximum :t'oroe oocuri-i.ng during impaot, many ot the de• 

signtr • s pro bleme would. be overcame. Some work baa be•n 

d.one with tb.ia obJect in v1e.w. but no satiafa.ctory results 

have been obt~ined. 

M.a.rgerum (American Bociety ot Testing Materials, 1942) 

auggeotcd a method whereby the maxinwm load might be found 

by obtaining indentations on a calibration bar &ttached to 
the moving head of the impact maohine. and. auggeatcd using 

tni~ in conjunotion with an a.utq.g~aphio stress strain dia• 
gram. 

Tests lw.ve been made upon both notched. and unnotched 

bars , but the results we re not. sa ti sf ao tory. 

It ha.a been proposed tha. t an acoelerome ter be d.esigned 

with which the acceleration could be measured. directly. 

After the acceleration is known the force producing the ao-
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celeration can be oalculatEd. The aoceleration of a poini 

oan be determined by a ~ouble d1tterent1ation of a 1pao1• 

time diagram. Thie m6thod is being employed in thia thesis. 





II. Description .9.f. Apparatus: 

The ma.chine used for these experiments was originally 

used for notched bar tests and had to be redesigned. 

The machine, as shown in figure A, consists of a body 

with two supports which are designed to clamp a horizontal 

beam at both ends. A plunger (a) is located horizontally 

and at right angles to the beam. The hammer on this ma.chine 

is of the pendulum type, weighs 25 pounds, and strikes the 

pluuger longitudinally. 

The pencil attachment. as shown in figure B, was de-

signed and made in the laboratory. It consisted of a V 

clamp which was attached to the center of tbe beam, the 

pencil was attached to the top of the clamp so that the de-

flection of the pencil would be in the line or deflection 

of the center of the beam. This waa a very important 

feature since it minimized vibrations and the ettecta of 

inertia of the pencil. 

The rota ting drum in this case WlU! made ot wood. The 

drum was located directly above the pencil point with its 

axis parallel to the line or action of the plunger. The 

drum was rotated by means or a small motor. 

A tuning fork of 119 vibrations per second was used 

for determining the speed of the drum and the time of de• 

flection of the beam. It was operated on 110 volts alter-

nating current. The tuning fork was mounted so that the 

pointer was at right angles to the drum. 

The object of having a machine of thie type is to 

obtain a space-time curve from which the velocity and ac-

celeration or a point can be determined at any instant after 
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impact. The (s-t) curves of these experiments are shown in 

figures l to 14 inclusiTe. 



III. Procedure .21.. Testa Performeg: 

In these experiments oak beams l" x 1• x 25u were 

investigated. The center of the beams were determined 

and 12" laid off on each side from the cente1·. 'l'be pen-

cil was attached to the center ot the beam and the beam 

placed in the machine so tbat the distance between 

supports was 24°. the center of the beam being in line 

with the plunger. A strip of chronograph paper was 

placed upon the drum. 

The motor was started and the tuning fork set vi-

brating. The hammer was raised and let fall from a 

certain height. The time of deflection was taken by 

means of the tuning fork. 

Fou:r test a were made upon one beam with a 4 • fall 

so that the reeul ts could be compared. figures 1, 2, 3 

and 4. Four tests ·were ade upon another beam, two with 

a 4" fall and two with a 5• fall. figures 5, 6, ?, and 

8. Six teats were mde upon another beam with the height 

of f'all varying from 2" up tog•, figures 9, 10, .ll, 12, 

13 and 14. 
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IV. Sample Calculation: 

If a point moves in such a way that the distances 

cannot be expressed algebraically in terms of time t, the 

speed may be found graphically from a distance-time (a•t) 

curve. Such a curve it' shown in Figure 1, time in seconds 

being measured horizontally and distance in inches beine 

measured vertically. 

Since the elope of the ( s•t) curve is ted b7 

ds and since velocity (v) = .!!!,, then the elope at any 
dt dt 
point of the (a-t) curve represents, to some eoale, the 

speed at the corresponding instant. 

Take for an example point l of f'igure 1. the slope of 

the curve at point 1 = ]fil = l 1, but l inch vertically 
J,C l 

represents 0.167 inches and 1 inch horizontally represents 

0.0032 seconds, Therefore, 

Unit slope = 0.167 • 4.34 ft./sec. 
0.0032 X 12 

Therefore the velocity at that instant= elope at point 1 

multiplied by the unit slope. 

Velocity: 1.000 .x 4.34,: 4.34 ft./sec. 

~qow kno><:ring the velocity at any instant a velocity-

time curve cur1 be plotted. 

Since the acceleration of a point ie equal to the de-

rivative of the velocity. acceleration• d3~: dv and since 
dil" d\ 

the slope of the (v•t) curve = g. the ncoeleration at any 
dt 

instant can be determined graphically. 

S0lution: 
Blope of {v-t) curve at point A'• A'B a 4.34 ab.5? 

?Ct --:r; 
but 1 inch vertically represents 1 ft/sec, 1 inch horizon-

tally represents 0.0032 sec., Therefore, 

Unit elope • . .l.- a 312 ft/sec 2 
0 .OC•32 
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Acceleration s .:>lope x Unit slope • 5. 5r1 .x 312 : 1736 ft/sec 2 

From Newton's law of gravitation, 

Jl~orce : ?£9.ss x Acceleration 

F: W x a, 
g 

we can find the force producing the acceleration (a). 

W: 25 lbs. weight of haw.mer 

a a 1736 ft/secl 

g = 32.2 ft/sec2 

F • M x 1736: 1550 lbs. 
32.2 

Calculations tor other points were •de in the ea.me manner. 



.foint Slope of curve: 

l 1.000 

2 .890 

3 .667 

4 • 696 

5 .693 

6 .880 

7 .895 

8 .842 

9 .ena 
10 .800 

ll .763 

12 .696 

13 .63'1 

14 .572 

15 • 52.l 

16 .474 

l't .443 
18 .414 

19 .369 

20 .302 

21 .250 

22 .191 

23 .144 

24 .088 
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Fig. l .. 

Velocity ft/sec 

3.89 Scale 

3.'18 l" horizontally • 4 .. 24 • 
119 X 11.55 

3.01 .0032 see • 

3.88 l" vertically • 0.157• 

3.82 

3.88 Unit slope• 0.167 .4.34 ft/sec 

3.66 

a.a2 
3.4'1 

.0032 X 12 

C!lculatioga.(Foint 1) S ope o? curve x Unit slope• 
Velocity 

1.000 x 4.M a 4.34 ft/aee 

2.68 For the aocelera.tion: 

2-48 

2.2s 

2-06 

l.92 

Scale 

l" horizontally • .0032 sec • 

l" vertically : l ft/aeo 

Unit elope •-1- • 312 f't/sec2 
.0032 

l .88 Slope of velooi ty curve at 

l.t}l 

1.32 

1.09 

.825 

.625 

.055 

point l: 5.67 

Acceleration • 312 x 5.5? :: 

1736 ft/seo2 

.Foree • W :x a -& 
: .U, X 1?36 • 1350 U,a. 

32.2 
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}?ig. 2. 

I>oint Slope of Curve Velocity ft/sec 

1 1.000 4 .. a, 
2 .960 4.17 Caloulationa ( Point l) 

3 .850 3.'10 Slope of curve x unit 

4 .840 3.65 slope :.- velocity 

5 .816 3.55 1.000 X 4.34 • 4.34 tt/eec 

6 ,85'1 3.'12 
For the acceleration: 

7 .924 4.01 
Unit elope: 312 tt/seo2 

8 .844 3.66 
Slope of velocity curve 

9 ,800 3.4'1 
at point 1 • 5.64 

10 ,778 3.38 
Acceleration • 31~ X 5.64 • 

ll .'141 3.20 
1760 :ft/seo 2 

12 .6g8 3.03 

13 ,667 2.00 Force :, 25 X 1760 = 13'70 l'tll 
32.2 

14 .606 2.64 

16 .567 2.46 

16 .. 50'1 2.20 

1'1 .445 1.93 

18 .410 l.?9 
19 .378 1.64 

20 .345 1.50 

21 .260 1.13 

22 .180 .81'1 

23 .152 .5?7 
24 .087 .03'1 
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]'ig. 3. 

Point :;nope of curve Veloci.ty rt/sec 

l 1.000 4. ;')4, Calculationa (Point l) 

2 .818 3 • 5'7 Unit slope• 4.34 ft/sec 

3 ,750 3.2'1 Vi0 loc1 t7 • l.000 X 4,34 •4.J4 ft/sec 

4 .850 3.'70 

5 .881 3.82 For the acceleration: 

6 .881 3.82 Unit elope • 312 ft/sec2 

7 .842 :3. 66 Slope of velocity curve at point 

8 .845 ~.68 1 • 4.98 

g .818 ~.56 Acceleration • ?H2 X 4.98 • 

10 .?56 3.29 1560 :rt/sec2 

ll .'126 3.15 

12 .684 2.95 Force : 25 X 1560 • 1210 &be. -32.2 
13 .606 2.64 

14 .573 2.49 

15 .548 2.38 

16 • f>•U# 2.38 

17 .520 2S~6 

18 ,4SO 2.09 



.Point ,;jlope of curve 

l 1.000 

2 -~67 

3 .848 

4 .762 

5 .'745 

6 .802 

'1 .789 

8 .785 

9 .?78 

10 .?35 

11 .717 

12 .t'i78 

13 .664 

14 .632 

15 • 5'10 

16 .542 

17 .r,oo 

18 .442 
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J'ig. 4. 

Velocity ft/sec 
4.34 

4.16 

3.69 

3.31 

3.23 

3.48 

3.43 

3.41 

3.38 

3.19 

3.12 

2.95 

2.sa 
2.'15 

2.48 

2.36 

2.1, 

1.93 

Calcu1ationa (Point l) 

Unit elope• 4.34 tt/eec 

Velocity• 1.000 x 4.34 • 

4.34 rt/sec 

1or the acceleration: 

Unit elope: 312 tt/eec2 

Acceleration• 312 x 6.19 • 

1930 ft/sec2 

Force= 25 x 1930 • 1500 lb•. --32.2 



.Point Slope of' Curve 

l 1.000 

2 .ass 
3 .88'1 

4 .a,, 
0 .e,1 
6 .828 

'1 .803 

8 .,aa 
i . ,.,. 

10 • 7r,7 

ll .121 

12 .714 
11 .677 

14 .618 

15 .598 

16 .555 

1'1 .oaa 
18 .502 

19 .,,a 
20 .448 

21 -401 

22 .343 

23 .3~2 

24 .285 

• 12• 

11,. o. 
Velocity tt/seo 

4.41 OaloulaUon• (.Point l) 
4.0, Unit slope• 4.61 fVaeo 

,.oa Velocit7 • 1.000 x 4.01 • 4.61 ft/••o 
a.go 

:For the aooele:raUon: 
Unit slope• 331 tt/aeo2 

Aoeeleration • 331 x J..:.11 • a.,o .aa 
a.to 
a.et Fo~o• • .U a 1840 a 1428 lba • a2.a 
3.49 

3.:14 

i.a, 
3.1a 

2.94 

1~74 

2.56 
2.41 

2.31 

a. J.a 

2.04 

1.u 

1.6, 

1.48 

1.31 
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Fig.&. 

Point. Slope o! Curve Velooi ty f't/aeo 

l 1.000 4.57 Calculations (Point 1) 

2 .921 4.22 Unit el'3pe • 4. 57 tt/110 

3 .891 4.oa Velocity .. 1.000 :s. 4.57 • 

• .863 3.95 •• 5'1 ft/sec 
I .657 z.ga 

:For the aace:lera.tionz 
I .832 i.al 

Unit slope• 329 ft/seo2 
'1 .521 3.ve 
8 .'192 ~-62 

Aoceleration • a29 x -':fi a 
1801 tt/~ec 

9 -771 3.56 

10 .756 3.46 Force• .&l.., •a 1806 • 1400 lb. 
a2.2 

11 .718 3.29 

12 .100 3.20 

13 .eea 3-03 

14 .622 2.01 

l6 .688 2-69 

16 .555 2.54 

17 .526 2.41 
18 ,.495 2.21 

19 ,.457 2.09 

20 .424 1.94 
21 .38'7 1.,, 
22 .363 1.,, 



Point 

l 

2 

3 

4 

6 

6 , 
8 

9 

10 

ll 

12 

11 

14 

15 

16 

1'1 

18 

19 

20 

Slope of Curve 

1.100 

-948 

.923 

.922 

.9lb 

.90l 

.867 

-850 

-821 

.804 

.780 

-767 

.751 

• 726 

.697 

.Ena 

.660 

.c1a 

.668 

.622 
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Fig. '1. 

Velooi ty tt/aec 

5.03 Calc11lationo (!'oint 1) 

4.3~ Unit elope• 4.57 tt/aeo 

4.24 V~loc1ty • 4.57 x lelOO • 
4.21 5.03 tt/1.1eo 

4.1a 

a.as 
~-71 
z.,, 
3.57 

3.ll 
~-43 

3.32 

3.1, 

3.10 

2.eo 
2.39 

Unit acceleration• 329 ft/aeo2 

Acceleration• 3°29 x 1½ff • 
2460 rt/au.ci2 
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!<'ig. 8. 

.Point Slope of curve Velocity ft/sec 

l 1.060 4,. 80 Cal cula ti one {Point 1) 

2 .942 4.26 Unit elope e 4.52 ft/sec 

3 .930 4.20 Veloo1t7 • 4.52 X l.060 • 480 .t! 
sec 

4 .934 4.22 
For the acceleration: 

5 .916 4.13 
Unit slope• 325 f't/1ec2 

6 .894 4.03 
Acoeleration • 325 :x: 4•8i '! , .864 3.90 
2170 ft/see2 

., 
8 .863 3.89 

9 .842 3.80 Force • 25 :x: 21,0 • 1'700 lba. :,·2·.2 
10 . 813 3.6'7 

ll .804 3.63 

12 .'190 3.5'1 

13 .'760 3.43 

14 .?43 3.36 

15 .'11\} 3,23 

16 .693 3.li 

17 .65'1 2.9'1 

18 .623 2.82 

19 .578 2.61 

20 .t>40 2.46 

21 ,485 2 .19 

22 .441 l.99 
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]'ig. 9. 

Point Slope of curve Velocity tt/eee 

l .615 c;. ·11 Calcula. tions (Point l) 

2 .565 2.39 Unit slope - 4.40 ti/sec ... 
3 .688 2.59 Velooi ty : 4.40 X. .615 -
4 .623 2.30 2.?l ft/soo 

5 .f,35 2.35 
• 316 tt/eec2 Unit acceleration 

6 .522 2.29 
Acceleratiun • 3lo X s 

7 .5C6 2.23 1.0 . ,.., 
854 ft/sec" 

8 .489 2.15 

9 .4?9 2 .. 11 ..ii'orce •...il X 854 - 662 lbs. -32.2 
10 .462 2.03 

ll .452 1.99 

12 .447 1.~? 

13 .432 l.iO 

14, .418 l.84 
15 .405 l.'18 
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1Hi. 10. 

Point Slope of curve Velod. ty ft/eec 

1 

7 

8 

g 

10 

11 

12 

13 

14 

15 

.928 

.142 

.760 

.?25 

.723 

.'700 

.583 

.659 

.631 

.601 

.572 

.548 

.525 

3.09 

3.16 

3.02 

3.01 

2.92 

2.82 

2.12 

2.51 

2.50 

2.28 

Ualculationa (Point l) 

Velocity• 4,17 x .928 • 

3.86 ft/sec 

Unit acceleration: 299 ft/seo 2 

Acee le ration • 29g x .iL,ll • 
.63 

Force• 25 x 1825 = 1415 lbs. 
32.2 
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Point Slope of cu.rve Velocity ft/sea 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1.000 

.~n;5 

.a~cl 

.B90 

.~80 

.862 

• 832 

.803 

.?80 

.'?59 

.'?20 

.675 

.632 

.585 

.540 

4 •. ;a 

4..02 

4.02 

3.98 

3.av 
3.78 

3.62 

3.52 

3.42 

3.25 

3.04 

2.85 

2.64 

2.44 

Calcu.l..;;.tion{Point 1) 

Unit ;~lope :: 461 ft 

Velocity • 4.51 X 1.000 • 
4.51 tt/rec 

Unit acceleration -322 tt/aeo2 

Acceleration • J22 x At5 .. 0 • 
:rt/seo 2 

1.~2 
955 

Foree a 25 X 955 • '740 lbs. -.. 32." 
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~G'i~. 12. 

Point Slope of curve Velocity ft/sec 

l l.C86 4..VO Calculation ( Point 1) 

2 1.010 4. 83 Unit slope 11 4.51 ft/aeo 

3 l.045 4.72 Velocity a 4.51 X 1.086: 

4 1.011 4.56 4.90 ft/eec 
r, 1.oco 4.51 

6 .geo 4.65 

'1 .'j38 4.32 

8 .902 4.16 

9 .8'73 4.02 

10 .844 3.80 

ll .f:S20 S.'18 

12 .798 3 .. ee 
1$ .'160 3.50 

14 • '!40 3.41 

15 . '/08 3 .. 26 



Point Slope of 

1 l.320 

2 1.300 

3 1.265 

4 1.220 

5 1.196 

6 1.180 

7 1.120 

8 1.08'7 

9 1.046 

10 1.012 

11 .9?8 

12 .933 

13 .916 

14 .882 

15 • B.:8 

- 20 

1.-11;:. 

curve Velocity 

5.82 

5.?2 

f:,. 5'1 

t).37 

5.26 

5.19 

4.93 

4.?8 

4.60 

4.45 

4.31 

4.11 

4.0:3 

3.88 

3~69 

-
13. 

tt/sec 
Calculations (Point l) 

Unit slope: 4.40 tt/aeo 

Velocity• 4.40 x 1.320 s 

5.82 tt/eeo 
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Point Slope of curve Velocity tt/seo 

1 

3 

4 

5 

6 

8 

9 

10 

11 

12 

14 

15 

l.359 

J.345 

1. ~;;5 

l.2i;<2 

l.260 

1.222 

1.179 

l.163 

:i..135 

i.090 

1.055 

l.041 

.~90 

.940 

.889 

6.32 

6.26 

o.r, 
0.02 

&.86 

0.68 

u.48 

5.37 

6 .2'1 

5.11 

4.91 

4. .86 

4,61 

4.37 

4.13 

Calculations (Point l) 

Unit slope : 4,.€G :ft/sec 

Velocity • 4,.66 X l.35\l .. ... 
G .;;~:;.> ft/seo 
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Applying the equation of' \'lork and energy to the beam, the 

energy stored in tbP. beam is equal to the work done. 

Wh a t Pd 

where 

w. W81iht ot hammer ( lbe) 

h • height of tall (in.) 

p = force produced (lbe) 

d • det'lect1on of beam. ( 1n.) 

Using the fl.bove formula the f' oroe produoed when the defleoti on 

was a mx1~um was calculated. 

WAight of hammer 25 lbo. 

.li'ig. 1 F • 400 lbe. 1.,!g. g p • 278 lbs. 
Ii'ig. 2 p • 400 lbs. lrig. 10 p = 3.34 lba • 

»'ig 3 p. 417 lbs. li'ig. ll p • 378 :i. ')ft. 

li'ig. 4 p. 408 lbs. j'ig. 12 p • 465 l l.;s • 

JPitt • 5 :p .. 344 lba. Eig. 13 p .. 515 l blJ. .. -
l!'ig. 6 J: • 350 lba. 1lig. 14 p • 550 lbs. 

li'ig. ? l,;, • 3'/3 lbs. ... 

1'ig. B F • 366 lbs . 

Theae reiiulte do not check vdth the ditferen ta tiori method.. 
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V. Discussion: 

From these experiments no definite conclusion could 

be reached, however several intereeting points developed 

which would be worthy of further investigation. 

will be offered as suggestion& in case the investigation 

ia continued. 

The results of eleven out of fourteen teats were de• 

cidedly similar. The velocity-time curves showed the aame 
general characterietios and the naximum torae was found to 

check within reasonable limite. 

The last three experiments showed very erratic results 

as compared with the firet eleven. The velocity-time curve, 

show a gradual decrease in velocity from a maxim.um to zero 

where the deflection is n maxim:um, whereas in the first 

eleven experiments the velocity dropped suddenly f'rom a 

maximum. and then decreased g.cadually to zero where the de-

flection was a maximum. The acceleration and maximum force 

were much lower aa compared with the first experiments. It 

appears that a portion of the velocity-time curves of the 

first eleven experiments are incorrect as compared with the 

last three aince there is no force acting on the beam atter 

the instant of impact except that due to impact, the in-

ertia of the beam, and the reeistance of the fibers, which 

could cauee the velocity to decrease suddenly. Thia 'Point 

should be further investigated uefore any conclusion could 

be reached. 

Another point of interest which was noted waa the vi-

bration of the beam after impact. These vibrations a.ppear 

in the form of a sine wave and gradually decrease to zero. 
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These vibrations were obtained by attaching the pencil directly 

to the center of the be~jm. This method should give more accu-

rate .:.-esulte thin1 that of attaching the pencil to the falling 

wei,~ht, which has been used in some experiments. With the pen• 

oil atta.ched to the hammer one cannot get the vibrations of the 

beam. The r!l3ximum deflection would not be obtained unleaa the 

falling ha~.mer is in contact with the beam throughout the de• . 

f1ect1on. 

In order to obtain. more accurate resulte a machine would 

have to be carefully desir::ned. The rotating drum should be 

made of aluminum. if possible, so that it will be very light, 

and should rotate on conical points to insure perfect alignment. 

The surface should be very smooth. The pencil attached to the 

center or the bea~ should be made as light as possible in order 

to reduce the inertia effect which is introduced. 

Another factor which must have careful attention ia that 

of determinins the slope of the space-time and velocity-time 

cuJ'ves. In these experiments a mirror was used for drawing 

the nor~als to the curves by reflecting a portion of the curve 

through 180°. This is the beat known method where a number ot 

points are involved, however, it was found that the slightest 

error in drawing the normals to the curves will ea.use a large 

error in the results since there is a rapid ohange in velocity. 

The tuning fork used in these experiments was calibrated 

and found to produce the same number of vibrations per second 

by using either alternating or direct current. Alternating 

current was used in these experiments. It ie hoped that these 

suggestions will he helpful in case the investigation is con• 

tinued. 
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In this discussion the assumption was made that the 

aooeleration of the center ot the beam was the same as that 

of the hammer while the plunger and hammer were in ooniaot. 

Thia acoctleration was used in de'terminins the approximate 

toroe of impact on the beams. 

The force (Y) was calculated from the formula 

Yafxa • where W • weight. of hammer (lbs) 

a a aoocleration of the aenter ot the beam (f't/aec2) 

a • aooeleration due te sravi\7 (fVaec2) 

ln thie formula the aooeleration (a) ahould. be '11.a \ ot 

the hammer, since the wtight ot the hammer (W) is usei. 
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