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T QENERAL INTRODUCTION

g

A) Historical

This 1s a continUﬁtion of a prorramme that has been
carried qut, over Lhe past four years, in co-operation with
the Humane Tr? Development Committee which was formed 1in

1968 by three fFrouns - the Canadian Federation of !iumane

. | A

Sociétigs, the Canadian Assoclation for Humane Tranpinp, and’
the Assocliation for the Protgction of FurbearinpAAnimalg.

| ] Two predecescors, H. C. Johnston'}n 19?0 artd
P, H. Tschoene iﬁ 1972 Bdth produced theses 1in the Master of
anineerinr Desirn Programme in this area. In hils thesis
"ﬂumane Tran Fvaluqtion[l], }L C. Johnagon set up a systematic
trap evaluation procedure baéed on a concept by Zolil Beke and

referred to as t Reke-Johnston techniaue, and tested many.

of the trans availa/pe at that time as oart of an effort to

1

.est?£lish the sta@_grds by which the Humane Traoq mayv be iudged.

The definition of a ‘humane deathhas subsequently

‘ ' /
been set by the H.T.D.C. and is as follows:

-

"That kill in which the animal suffers neither
nanic nor nain" v

-

In'nractibe this mav be achieved bv'instaﬁtaneous'death or

-

immed‘a;ﬁlv renderinp the animal unconscious with early and

1rreversib1e subsidence into death withoyt re?ain of

4
Sa

/s

;
/

' consciousness,
P. H. Tschoepe[ajcontinued/the evaluation programme.

He tested'éeveral new and modifi§?/éraps, discussed vdrlous

aspeots of ootimization in deslpfing new traps and modifying

L



~

/
2 .

existing traps, andwéuanested*some desipn changes to the
new Conlbear serles trans. (i.e. the NC seriles) He' also

carried out some deslipn and testing .on thé Jacob trap aimed

at ootlmization of desipn which appeared to/have the most -
}\ potentlal for a humané‘trapt"_The 1dea of the oripginal Jacob

"trap came from A. Jacob 1n 1969, 'a tranper from Tilbury,

Ontarlo.

B) Oblectives PR
[ Thils 1is a‘continuation of the overall,Huhane Trap
Developmenf Proéramme and. the objéctives-of the present
project ;re:l o E o . . -
a) To déveigp a 'spring ootimization progfamme
for thej;tirrup typclépping that 1s used in
thé;Conibear seriespé;“trgns, and to use this.
.. ' programme td re@esinn-new snriﬁgs for this
it&pefof t%ap; 4 o
b): To‘develqp analvtical methods.for‘predicting
thg,th;oreticai energy of a closling trap at
S ‘ vérioq; Jjaw oveninps.
c) Tpldesign, ménufacture, test and evaluate
' &acob trap prototype inclu?ing‘stirruﬁ and
djfferehf'triggéf conrigurgtions.
The ébjectivés are essentially as outiihed in the

 pr0p6sa1* submitted by -Professor W. R. Newcombe to the H.T.D.C.

on March 1, 1973."

¥ See Appendix g




) For the deslgn work, throurhout the course of the

(7]

project, a librarv of non-linear Ontimizatlon Subroutines

stored. as a nermanent fi1le on the CDC ‘6400 computer, was

~

utilized.

r.
-
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1. INTRODUCTTON

As N. Joﬁﬂﬁfonpqinted out in hfs thésis[lqthé‘Coni—
bear tran has mﬁ;v:oﬁtsténding features, and a considerablc
effort has been exerted by a number of peonie includinp its
inventor F. Conibefr to test, 1mprove,.and modify tbis‘sr?p?-

- The trap 1s manufactured and is commercially available 10

' three slzes - Model 110/120, 220 and 330. A plcture of the -
330 is shown in Firure 1-1.

-

Because the bvaluations, so far, on the trap have
been performed on an exnerimental basis, 1t is reaulred to
provide some analvtical ca%culations on the tran to provide B v
. a check on the-;xperimental results and a better understanginn &
of them. The ansroach; adonted here,.cgn be applied to othen
traps using a method cknsisﬁent witﬁ\;besgeometry'df each
par%icular tranp. In this sense‘the Conibeaf'series of traps
- was QUrther investipated.

One of the most important parts of the trap, the.
'sprinﬁs was analysed carefully and anproximation equations'wqre "
farmulated. Both the analysis ana-an auxliliary test programme
shéwed that the oripginal sprinps were all someWhat over-
sfressed when the traps were set. |
A spring optimization'computer programme was then

set up based on the formulated eauations, and new‘Springs were

designed usings a more favourable lowef allowable stress.

? -




(a) Plan view -

ll

“(h) Side view

]

" FIGURE™1-1: 'Conujem‘ tran #330

T

/1/\



In‘the next phase of'anélvsis, the theorefical energy

*levels at various nominal Jéw openinrs were obtalned by
relating trap anﬁles,to sprine deflectlons numerically. The
nominal Jaw oneninp 1s the distance between centerlines of
. the fradmewire. Therefore;‘tpe effective Jaw onening will
eaqual -the no%inal Jaw Openinﬁ miﬁus the frame wire,diémeter.

» It was notliced tﬁht the availablé kinetf& energy
levels of the:trap frame were very low compared to the
theoretical vdlues obt;iﬁed from the above aﬁalysis. ‘The
main mbviﬁ& Darts'of the tra; are the trap frame 5 d the
springs. The maximum kinetic enerpy of the,frece efid arms

L

of the spriﬁQSjthemselves was almost eaual to th of the

trap frame in the/ case of the Conibear trap 33%0. Whether
both enerpies are. exerted on aﬁ-animal with one blow, which
will be more fatai, was difficult to dcéermine froﬁ the
“hiph speed f1lm analvsis and‘still.remains unresolved.

Some discussions on this are included In Section 6.




2. SPRING ANALYSIO ’ b

2-1 Definition of the narameteﬁs )

;

Throupghout this part, the followins definitions':

and notations of the parameters will be used:-

~

5
* h L]

a4 Wire diameter (in.) '

D | Mean coil dlameter (im.)

n Number of cbil -

£ . Free end arm lenpth (in.)

¢ Initial anrular deflection (bad.)

by Total anpular deflection (rad.) . ‘J?K
- E Modulus-of elasticity of the material (lﬁs/ing)
L . Inside dimension of the trap frame (39.)

DL Mean diameter of the looo at tﬁe end of the free

end arm {(in.)
P ‘Tanrential force at the end of the free end arm (lbs.)

FF1 ® P at the initial deflection (1bs.)

¥
: '

=~k



y

o3 y
Position when fhc spring ig *‘}
released from the trap h P

b !

Position when the spring is installed
in the trap properly.

™~ Center of the end- loop

Fig. 2—1I Conibear; trap spri'ng‘l.




2-2  Straln energy_and stress. .

L

The Conibenr spring 1s a typlcal circiular wire

hd F

helleanl torsihn sprinrg with 1ts free end arms extended.

AR A ‘

The entire enerpy of the trap 1s from the straln

s

enernpy which is stored in the sprfnps when they are set.

The sprinr has two parts, the free end arm acting

)) . . - . ) - - .
as a cantllever ben and the coll sprinp. .
\
o
0. . ) v
S ‘
v
A - - FRigure 2-2 ) )

- N - *

~ - . . ' - . : . "




L. -

L S ‘. o .10

Therefore;,ﬁhe deflection of point A, Figure 2-2

_Eo point. A" could be divided into two parts, A to A' due to

-

the anpular deflection. ¢S/21an& the linear deflection A" to
A" of the cantilever beam.

From tho:sprinﬂ FormularB]tbe_anru]ar deflection

- of a hellcal torsjoh soring in radlans for a'cyrcular wire

is:

T o L 64 P2 D-n

e . o EEPTmo LT - _‘
s " rad. | _ (2-1)

And. for the'cantilever beam, thé deflection & ét the
j g -

.end of the free end arm.due to the concentrated load B'foﬁ a

e

.- ¢ircular wire cross-sectlon is:

Pel : '
T .
. § = ﬁ%. : o (2-2)

. Fﬂd“ - ) ' ' » .
Approximatinr the 11near deflection A'A" as an arc with o
radlus "L",- the angle which subtends the arc will'be:

; Plz_ ,, . . ".- @ . ’
- "¢a = l%g — rad. \ g - (23)
- Fnd“ T . ' .
for t%e two Pree end arms. .

1 -

Therefore, the total deflection anple ¢ will be

. , bmeg vy
’ 6l Pﬂ. . . : L@
= : (D.n + %% EPYE {2-u).
Ed 2T )

- ‘ N

Noting .that M = P& 1s.a torsional moment and rearranging the

eaquation (2-1)

) CE M= =T E\ .
: ! 2L > . :
6*(D n + 3“ - ‘ ... .“"

-~

Ed% ' o (-5



j 11

Hence, the strain energy U can be obtained from the

elementary fo}mula,
¢ 2 . .
U= M dé - P (2-6)
*
Substitution'énd integration réveals:
Ed" 904
2

\ 7. -
6“ED.U,+ ?F) 2

U =

(2-7)

This is for one spring.

™" Next, for the spring in which thé load applied in

such a way'that the spring tendé to wind up, the maximum
A

bending stress o

occufs at the 1n§1de surface of the coll

and 1t is given[BJas:

(2-8)" -~
i '?max, l“d3 | ( )
. ) 2 .
where K, = alth e -1
. 4c(c - 1)
C = D/d

2-3 Calculatlon results.

" The calculations discussed:in Section 2-2 could be
done by hand, put for the case where there are many sets of
)

data; a computer programme was set up. ,This is listed in
Appendix "B". To test the formulas and the programme, three

sample springs -from each Conlbear series traps, were measured,

averaged,‘and the data was fed into the computer.
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The following Tables 2-1, 2-2, and 2-3 show the
measurements and the computation results._ Fipure 2-3 stfows
the computer results. -

The energy values are for two springs in each

> Tt should be polnted out, here, that the maximum
stress levels are much higher than the reasonable value*
suprested by P; H. Tschoepe[g]ror a hifh

carbon steel,

. ‘ ' ) ‘ !

* See also pare 1(2
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TARLF, 2-1: The results of measurements and comnuﬁations for
the soring of the Conlbear trap #1270

angle (deg-min)

No. of - Mpaéurement;
. ) 1Symbol : .
Measurement 1 > 3
_. ’ [ ‘ | | Average
wire diameter (in.) . d .187() .18'(5 .18'{1)' .1'(5-/;')
Mean g?iiﬂ?iaméfe? D 2.1250 | 2.1250 | 2.125012.1250
No. of turns n  12.298 | '2.313 | 2.298 {0,303
1
Free end agm L'eh v [3-8750 | 3.9375 | 3.8750|=3.8750
Mean loop diameter ) o : :. . |
(12.) e b .93(5. L9375 ..8150 = .937%
Initial deflection. | ¢ 31-45 1" 35-00 | 43-30 36-45, -

Total deflection

angle (degomin) | & | 83750 [ 9000 [ 95-45 | B9-52

Additional deflec- o
tion angle (deg-min))®2 =~ *1

52-05 | 55-00 | 52-15 | 53-07
Force at the end of x
the free end arm at rR) ‘ T 16.77
initlal deflection |, - a : ' "
(1bs.)

Chord of addition- .
al deflection : O ey
Sngle with the free | DEF® | 2 x 3:875 x stn(23H0)=3.058)
end arm as a .

- radius (in.) \J

Total strailn

: d ' . '
energy store ENGY Calculation 20€.93

*(for two springs,
Max. stress (nsi) | -9 Max. Calculation | 262,546
Weight of gne N '

spring (1bs.) . , : .219

- \n‘.




- ‘ ,. ‘ . l“
- TABLE 2-2: The results of measurements and computations for
the srring of the Conilbear trap #220D

Measurements X
No. of . N \
Symbol. \
- Measurement _ 1 ) 2 3 %verage
, L . o
Wire diameter (in.) ( . 2500 . OH00 .?‘}ﬂd \\‘21””)
Mean coll diameter D L4375 37 A3sl Lasrs
. (1“-) . . B '.“ . .
No. of turns : n AP D EVIE BT DI IR LI B LIRS B
Free end arm 17th r | 6.u378] wis000 6.3750) 637y
(in.) . : \
Mean loop, diameter D 1 1.3128] 1.312% 1_2500 =1.3175
{(in.) L . _
Initlal deflection & | 3u-30 | 38-30 | 32-h0 | 3%-1}
angle (deg—min) . \
Total deflection ‘ _ N \
angle (deg-min) ¢} 88-00 | 01-00 | 82415 | 87-05}

Additional deflec- - N ) ) 7 .

tion angle (deg—min)|® = %[ 53-30} 52-30 | h9-35 | 51-52 \
B ) 3 o \

" Force ,at the end of ' . \

- the free end arm at | FF1 S 24.98 \

initlal deflection -
> (1bs.)

Chord of addition- _ ' \
al deflection 519501 . \
angle with the free |DEFM 2 x 6.4375 x sin(—-2) )=5. 6267
end arm as a .
radius .(in.) -

Total strain * 1"
energy stored FNGY
(for two springs,
in-1bs.)

Calculation 504,98

MaxX. stress(psi) | |Omax, . Calculation 280,511

" Welght of one ) . .
~spring (lbs.) . i - .519

i 1. ; A
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TABLE 2—35 %he nﬁsult of measurements'and'computations for
the snring of the Conilhear trap #330
,
-} Measurements
No. of
o\ho Symbol.
Measurement _ v
; \ 1 \? 3 Average
Wire diameter (in.) | « 3rest  oaon | oaesl 30y
Mean coll diameter Coren o 3
. (in.) D 2.87501 2.67,0 | 2.87501 . 2.8750
‘ .
No. of turns n 2,300 20308 R 310
Free end ,arm 1'th : . e

(in.). 2 8.750 | B8.750 | 8.7%0 8,750
‘Mean loop diameter ; .

(112 ) b 2.06251 2.12501 2.1750] =2.12%
Initial deflection L .
angle (deg-min) é— 34-00 /=1*30 20-00 .20—50
Total deflection -V : I
angle (deg-min) ® 81-00 | 78-00 | 80-30 {9-30
Additional deflec- _ N .
tion angle (deg—mip).Q? oy 17-00 BQ"30 »0-30 49-20
Force at the end .of
the free end arm at'| "¢l 31.98
initlal deflection ! '

(1bs.)

Chord of addition- . , )
al deflection kM | 2 x 8. _g_gg; _7 ot
angle with the free | x 8.75 x sin( )=1.25

end arm as a

radius (in.)

“Total strain .
energy stored ENGY 860.5
(for two springs, Calculation 5
in-lbs ) .

Max. stress (nsi) q.. Calculation 264, BeN
Weight of one .
" spring (1bs.) . 1.073
*
o
7/

3 |



WIRE DIAMETER (INe) o+ ; .
MEAN COIL DIAMETER (INe) -4 @
NUMBER QF TUKNS OF COIL . s
FREE END ARM LENGTH (IN.)
INITIAL COMP, ANGLE (RAD)

MAXIMUM ENERGY (IN,~LHS) o o
WEIGHT "OF ONE SPRING (LBS) o

5

Y

WIRE DIAMETER (INe) . o o o »
MEAN COIL DIAMETER (INe) o o
NUMBER OF TURNS OF COIL o »
FREE END ARM LENGTH (IN.)
INITIAL COMP. ANGLE (RAC)

" MAXIMUM ENERGY (INe=LBS) o o

- WEIGHT OF ONE SPRING (LBS)
. t )

c

—

WIRE DIAMETER (TNe) o o o o
MEAN COIL DIAMETER (INs)
NUMBER OF TUKNS OF ¢OIL
FREE END ARM LENGTH (IN.)
_INITIAL COMP. ANGLE (RAD)

B

c0o cuNfHLAﬁ_}HnP NOe« 120 #ea

‘a8  CONIREAR TRAP NQ. 220 ®%o.

FORCE AT INITIAL OEFLECTION(LBS)
STRESS IN SPRING (LBS/SGeINs)e &

L ]

FORCE KT INYTTAL PEFLECTIONTLESY o o
STRESS IN SPRING -(LBS/SC.INe)s .

‘se®  CONIBEAR TRAP NOe 330 ®ee

FORCE AT INITIAL DEFLECTION(LAS)

STRESS IN SPRING (LKHS5/S50.INe). o

MAXIMUM ENERGY (INe=LBS) &' v o« o =
} WEIGHY OF ONE SPRING (LBS} g o o

u

n

nou n

=

L1875
2.1250
2.3030

" 3.8750

«6410

e167659E+02

4262546E406

«206926E+03
«218T06E+00

+2500
2.4375
2.3120
644375
6150

249841Ee02
«280511E+06

T W504967E+03

+519485E+00

A

.3125
2.8750

12,3100

8.7500
«5320

«319834E4+02
«264B64E*06
. 862105E+03

W107341E+01

FIGURE 2-3: Computer output of the Conibear spring calculation

1N



3. SPRING OPTIMIZATION AND NEW DESIGN

-

In view of the high stress level In the existing

Conibear trarn sprinps as shown in the Tables 2-1, 2-2 and

'2e3,new sprinre deslsns were required. Thergfbre,‘a sbrinp

optimization propramme was developed based on the formulas

as explalned 1n the previous chapter.

~

'3-1 Remarks on the use of the spring®quations. a - 0

4

Let us rewrite the enerpv eauation, (2-7)
EdY 4 2 _ ¢ 2
. . J‘\
U= , L= (3-1) "
2 : :

(T . 2L -
'GQ(DH*"?’—“-) ' '

-and by substituting the eouation (?—5) 1nto‘the equation

2

(2-8), the maximum stress eouation becomes, - .
_ Ed¢
O nax. - Ky 2 , .(3—2)
- L] gﬁ '
- ?f(D n+ 37

From'the enerny.equation (3-1), 1t is seen that the stfain
enerpv will ihcrease with the wire diameter and the deflection ’
angles, ané be reduced with the mean coll diameter, the.numbér
of coil and the free end arm length. o

| Once the size of the trao Tfame is decided, the
additional-angular deflection, ¢2 - ¢1, will almost be fixed
with‘the frge end arm égdsen. This means that it 1s better
to increase the initial deflection_anﬁle ¢,, which 1s also,
preferable in view 6? the clémpi@g force. Of course, this

will increase the totalfdeflection anple, ¢2, 1ncr¢asing the

17 .

[A N
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bending stress, but it s a higher power I1n the enerpy

equatlon. '

effect on the strain ¢nerpy, but 1t would also 1qcrense ﬁhu
Qoight and the fabricating cost. |

Tﬁe fnlldwinr dcribntion {5 included for phc 3
case’ whﬁn one jntendx to use -the ﬂquniity constraint for the

number of turns of th& coll spring in the optimization

-
~

computer propragme ns'kxnlnincd in the next scctlon.

Let us define ndd1tiohnl parameters ns shown orn

Fipure 3-1. o

\ N



 Pe

"p'qg = L or R%Q =

ny . Integer for the number of colls, N

Decimal numbers of the n, (ﬁl‘t-n2‘=§n)
. .

After the primary deflection, the end points

p',0 (Flgure 3-1) should fit into _the trap frame. Therefere,

2 -

From the fTlpure:

‘l : Lt . R
952 = gCos'B + £Sin B - . - (3-3)
where A = 2™Mo%®) 1.4, o ;
. 2. - .
M
B=5-A rad.
Therefore, we have, . :

L D :
3 = (3€os B + tSin B) . ~{3-4)

3-2. The spring optimizatlion: promramme.

After the general confipuration has been decided
the most preferable spring will be the one which satisfies
all the deslgn conditions, and stlll has the minimum weight
in this case. The tnap'weight and the manufacturing cost'f
will be less if a smaller diameter wire can be used.

~
\ The programme was set up accobding to the OPTISEP

'manual[TJ. The main programme is to define the parameters

r

) and read the input data, call the subroutines, and write out

the result.
The subroutine UREAL computes the value of the,

optimization (or objective) function, the spring weight

in the case, for a set of the values of the design variables

»
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rl

. The subroutine CONST pomputeé the values of the

inequality constralints for the valueé of the'design variables.

3

Constralints 1 to 5 aréffor‘ﬁaximum value‘restridtions. The

values of the deslign variables should nét be preater than

3
- .

' the allowable maximum values. Constraints 6 to 10 are for
~the restriction that all the deslgn variables should be

positive. The next two constraints, 11 and. 12 are for the
3; . ! - : . ¢ .
energy and stress restrictions. ~The

]

strain enerry-stored

iﬁ the sprihp‘should ge at least its minimum reauired Qalue,
ELOV and_the méxihum Stress in- the sonring shpuld not e;deed
tﬁe‘allowable stress,'S?WJ ;The final-constrqint is required-
for clampinq.force. -The{tangential Force‘at the free end
arm of the spring should be g%éatér than the needéd valug .’

T

*FINIT, when the spring 1s loaded to the initial deflection

-

angle.

The subroutine "ENRGY" carrles out all the
. ] > , '
calculations for the spring utilizing the formulas as outlined

- -

in Chapter 2.
-The computer result cannot be used in actualidesign
§ o
because the wire diameter may not be a commerclal size, the

- ) l,
values of the desipn variables are too accurate to be practical,

and particularly, the number of turns of the coil spring has

to be adjusted to suilt. It would make ‘the programme extremely

complicétéd to g;t 1t up to accommodate all these aspects, and _ §
Y . . . 7

L
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1t . would consume more computér time. Instead, thgy were
left to the designer who can adjﬁsﬁ thq\result té sult by.
giainh up some degree of the optimum and noting the effect
of each desipn variable as explained in Section 3-1. Of
gourse, there are two ways to confine a specific desipgn
variable or partigular relation among them to a spééific )

value. That 15; use an eouallty constraint or sandwlch it

into two ineaualitv constralnts.

From the OPTISFP[YJpackape the subroutines Shhz 1

and SIMPLX were used. In the cases where a solution-exists

the subroutines SEEK 1, with a reasonable starting point,

“mormally; mave the best reaﬂgts in terms of computer time.

. The subroutine SIMPLX gave good results most of the time

v

with less emphasls on the startinp point when a solution did
exist Hqﬁever, this subroutine took much more computer
time, sometimes € to 3 times as ﬁuch ﬁs wiﬁh.SEEK 1. Both
subroutines tend to hang.up with thq eqqality,constraints,'
therefore, it 1s better.to start'from the equallty constralnt
lines.f . 1
The propramme is listed in the Appendix “K",'and

the strateplies used in the'abové subroutines are well

\i;plained in Charter 7, Reference [(5].
. ’ .

3-3 ﬁvaluation of-existing sprinrs and the desipgn of new

The programme was run, first to check how ¢close to

" the optimum the existinp spring desipns of Conibear series

traps were,.usling the same allowable stress as shown 1in
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Tables 2-1, 2-2, and 2-3. These proved to be qulte close to

-

the optimum as shown on Tables 3-1, 3-2, and 3-3, Columns 1

and 2, or Fipures 3-2, 3-3, and 3-4.

It was hentioned earlier that the present desipgn
stress was too hirh. For the new springs a lower allowable

stresé of aboup 190,000 psi¥*was used.

-

g -

The computer'results, optimum solutiorns and trimmed
values, are listed 4n Tables 3-1, 3-2, and 3-3, Columns 4

and 5.

,

. Computer outputs are shown in Figures 3-5, 3-6,

L]

and 3-7.

3

~ *  See pape

162
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FIGURE 3-0

-

Ontimizntion'computor result of the spring

D

of the Conlbhear &rap #120 (exisLing) SEEK 1 : k
1815539573 MCMASTER = SCOPE 3.4 AT L348  11/14/73 *
[} ] el
18,02+ 13, HYNTOYE VN 0 F
18-02.13.I¥ 00000896 WORDS « FILE  INPUT 5 X
}n.o§.}3.HVNT ' TK0. . )
B.@ * A . YI Y. J.
1n.02-14.ATTACH OPT]SEP.
18402 44PFN %
12,0214 .0PTISFP
124021488 CYCLE HOs = 001}
%9-02‘1"FTN!
YR.N2+20. 1+309 CP SECONDS COMPILATION TIME
19.32.23.t98 Tel. IB=OPTISEP.
1R a . *wi?
12.0%-%2. ?QH“FATAL LOADER ERRORS ™ SEE MAP.
-1 - - e L [ ]
LR WIS gq CP SECONDS EXECUTION TIME
; 19.@2.25.89 00003712 WARDS - FILE QUTPUT » DG 40
ER.OE.Eg.pg 0“';17 EEE. -
1R N2e25, 007734 . ' Y
| Bafi2 e 25410 002252 3%
§s.n§.zs.lam 095:%88 @5s212 -
“1R.N225.CPM 33329 4S/8]2 "
-19;02.?5.EhoJoa 11730773 - RN
OBO0OROROS HVMTOXE ////7 END OF LIST 7.7/
#uppacdtoand HVNTOXE //// END OF LISY /777
" sINPUT . fﬁi;°' .
X1MAX B 0,5€¢00,
X2MAX @ 0e4E<01
X3amMaX 8 0,5E401 .
X4MAX = 0,1E402, N
XSMAX = 0.2E401,
NEFM 2 0.34581Ee01y
E e 0.3E¢63.
| ST a 0.2625E4060 7
: ELoW = 0425403,
; SPWT = 0.284E+00¢ —
! FINIT = 0.168E+02¢ ' L
; M 2 0,2E+01y N
. DLCOP = 0.9375Fs+00
| " gEND

\
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f

TP
of the Conibear Lg?n H200 (exds tinr) SERE 1

11/30/73 MCMASTER = SCOPE 3.4 AT L348

11714773

{82

%n. -12 HYNTOXW HVNTQ XwW
]8-?6-1 «IP 000 0896 WORDS = FILE INPUT » DC g0
3'58 g.HVNT-Te

18, el vl Ye Jo©

.18.96.16.ATTACH oprxssp.
18¢26¢164.PFN 15" ] . .
s |

[ ] [ ] a
}g'gg'ég:FtN e e 20; S COMPILATION TIME
, 2726027 S N M
RIS R L pserl itoRT, JEROUS COMPILATION Tin
erbe . O
23'32'5?' S¥ON-FATAL LOADER ERRORS = SEE MAP
la!;e.év! 1,022 CP SECONDS EXECUTION TIME
8.26427,0P 00003776 WORDS = FILE QUTPUT » DC 40
lBl?ﬁ.Z?on . 006!850 SEC,
13.?6.57.[353 0Q7e>8y SEC,
18262710 0 p-dsé SEC,
184760274 10M 079286 WS/512
180?6027QGPM 135'691 HS/gla
1826427.ENDIOR 11/307/73 - - - -

" aanastRoLns HVNTOXH 7177 END OF LIST /777
secanosanen HVNTOXW /777 END OF LIST 7777
SINPUT T - S .
XIMAX = (,5E+00y
XZMAX B 0.4E«+0Q]

.- X3MAX =@ 0,5Ee0],
T XAMAX . B D.1E02) o T
XSMAX =3 042E%019 —

 ‘DEFM R 0,56267E«01, g

E = 0.,3E408¢ ' |
STW = 0,2805E+00, o e
ELOW B (0,5E+03y
SPWT = 0,284Ev00" 7 ,
FINIT & 0.,25E402, e
RM & 0.2Es01y A\
DLOOP = 0,13125E+01, L
SEND
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FIGURF 3-3: Continued

OPTIMUM SOLUTION FOUND

HI&IMUH U=

D D e
. . vy,
NS W Nre
Tl el R Nl
nnul g

INEQUALITY CONSTRAINTS

A
nunsunaNdoNDn

TDVVTTDUVVIUUVDD
TIXIITIIIIXIIIX
D] prmfgue ] e} el Yl S gl Sy prr] Pl )
s e e e i i
| od d ol o

WO O D~ U B LN

~

+51057056E+00

¢24433594F 400
¢ 2702R125F401
o??437500F001
*+63009000E+91
*7330 37 E'OO

.25566406Eooo
.1?911375F~nl
e 27502500F ¢
-37 00000+*0
;? 63F+g
¢433 QQFooo
.2702n%?qrool
e22437500F *q1
.61003200F001
«73309375E+00
109727 4F +00
26202255F*n2
0128 2486E+p]

- FORCE AT INITIAL DEFLECTION(LBS) o o o 4 =

STRESS IN SPRING (LBS/SCeINe),
MAXIMUM ENERGY ({INe=LB8S) o ¢ e

‘WIRE DIAMETER (INe) o o o' ¢ o
MEAN COIL DIAMEYER (INe) o ¢ &

NUMBER OF TURNS OF COIL o o o o
FREE END ARM LENGTH (IN.) o
INITIAL COMPe ANGLE (RAD) o o

242437

«262842E+02
+2B0474E+06
+500110€+03

12443
2+7028

63000

T+ 7336




FIGURE =0 Optimyy
of the Contbear teap #30 (existing) SKEK

/713 MCMASTER = SCOPE 3.4 AT L2348 11714773

1l/30
18,.47.26 ’
18067426 HUNTOYE . HYNTOYF
la.qr.ab WIP 00000896 WORDS = FILE INPUT » DC 00
a.qf-%b.HV TeTe 0
18.47+20, f YI Yo Jo
184727 ATTACH,OPTISEP,
184727 DEN [
30‘070/7-081'1 [‘p
{H-a?-df.Pl' C CLE NO' o 001
lﬂl“’!d’oFTN-
18s4732. ° (le312 CB SECONDS COMPILATION TIME
iﬂ.g?-di-LDSE 'LIB=0PTISEP,
H.z;.gJuLboo
lg.a’.Jg. : N N-FATAL LgADER ERRORS = SEE Map
l . - L]
‘9.4;-33. b a7p CP SECONDS EXFCUT}ON TIME
Bebled8 P‘ 00003H40 wouns - FILE OUTPUT +» DC 490
1g.a3.§‘ o 005-200
P 007> 9 [}
%3,41.3 .10 oopoaga Stg.
18.47.38 OM 0 QoJ WS/
1847 038, 144 Nb/a
184738, LNDJOB 11/30115
 ancaROBRORS HVNTOYE ///7 END OF LIST /777
snopbOEBADBA . HVnYOYE /777 END OF LIST /777

SINPUT

XiMAKX 2 (049E+00

X2MAX  ®m 0,4E+01,

X3MAX 3 04SE+01s |
XeMAX = 0,12£402,. -
XSMAX Y O.ZEodln . |
DEFM 5 0.725E%01¢

E ' = 0,3E+08, ,

STW & 0.2648E4060

ELOW = 0,86E*03,
 SPWT z g.284E%Qp?

FINIT n . 0,32E+02, -
" RM 2 (Q.2E+0ly - '

oLboP e 0.2125E001!.

SEND o

catlon Comput er result off Lhe

sprluay

=y

S
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[ AR Ammerb
N

FIGURE {=h: Cont.tnued

OPTIMUM SOLUTION FOUND
"MINIMUM U = 10396452E+01

- X0 1) = .1029001*8000 -
X{ 2) .= 2707R103Es01
x! 3‘ = .277“nn1 ko0l
. XU 4) = g Haht’n&
Xt 5} = 5 INT99E *¢
INFGUALINY CONSTRAINTS
- ) gn!{ 1; L .1q7oqqgsr-oo .
'H y = N H * .
PH]( 5) = $§311 81
PH i 4) = .3ﬂﬂuﬂahhtoo
PH 5% = v13736120E %0
PHI( 6) = .3029n014t000
H}i'&‘ = v27Q7H103E -
H Y- N AT 10&*0
PH ; leﬂ .nllv SH%¢
PH 0) = 799+o0
- PH }) =, HHY25T1E *00
PH] '; = 24191379 +01
PHI(}])3) = -918h281 b +00
FORCE AT INITIAI DEFLECTIONILRS) o o o « =  .4329186E402
STRESS IN SPRING (LPS/SO0yINu)s o o o o o = «26479TE*06
MAXIMUM ENERGY (IN,=LBS) o » o\o ¢ o o o ®  JHG60IAIE+0I
WIRE DIAMEYER (INe} o o o o o o o ¢ s o = +3029
MEAN COIL DIAMETER (INe¢) o ¢ o o o o« o o = 2.7078
‘NUMBE'R OF TURNS OF cOIL e ¢ 9 8 % o o o ® 2+ T7T7R9

FREE END ARM LENGTH {INs) v o o ¢ o o o =  8:1192,
INITIAL COMP. ANGLE (RAD) | .626’/

-
L ]
.
.
-
.
.
*
a



C = e mrT— — v -y ~—

———ry -

of Lhe Copnthenr l!dn ﬂl‘“ (noew dt.i;n) oo 1]

35,00 00; «91% SLC.
34 . PP (4 4] «H7 [ro
' 002 . qu EC
Jedbhe LUV 019 71 N5/ql2
P LI AR sJag WD/H2
e Jh.ENLDICH 12}05/?3 )

12/03/73 MCMASTER = SCOPE 3.4 AT (1348 INRALYAR)
NETES

-hJ‘?J-HVRTnAh HYNTAAH
ATV RTE L GUORYG WeRDS =~ FILE INPUT o DC o
0(|_*.4j. nT'?h“ i-\
/I vl v. J,°
thadela ATIACH CJOPTISER, -

eG Aoty PPEN (s’

s e laURTTISEP

*4 3. R.-r* CYCLE NO. = 091

ERENLE .

R ER IR 1+306 CP <€ECUNDS COMPIIATION T IME
4hJ'iu-l0\‘TolIH CrlistPa

nadidytee FATAL LQAGER L L MA

.:‘ - N - S

PR ?F* T 0 R LRRORS F MmAp
-az 3H- a0 ? (P SECORDS EXFCUTION TIMF

o 9,00 nuj wrkns -~ FILE QUTPUT » DC 40

HVYNTOAH A/Z77 ENND OF LISTY /2277
HyNyoAad  s/7/7 ERND oF LIST 2777

PEY TR XY Y. XX
'YX XLALEE-R N

$SINPUT

X1MAX = 0,9Fe«N0,

X2MAX = Da4Fe0l, ;

XIMAX  E  0.SEs01 |

X4MAX = 0 lEe02,

XgMaX = D.2E+01, .
‘DEFW = U.34SHLIE*OLY

| 2. = 0,3E+08,
L gTw = 0s19E%060

ELow = 0.2E+03, .

SPWT = ge284F%g0r - N

FINITZ = 0.168E+02

RM = pe«2E*01r

DLOOp - =  0,9375E+00¢

$END

)
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INEQUALITY CONSTRAINTS -

Y

INITIAL COMP. ANGLE (RAC)

FIGURE 3-H(n): Continued.

e

OPTIMUK SOLUTION FOUND
MININVUM U e32997755E+00

W1ROTSTALE+0D
2w 2HIA 0K ANE 0L

SO TELIREY

':371¢50q9t.00

uannn

-

2 Du DO
— A g
N P

]
!110593735*01
" l;. '(ﬁl _0

183238600 81

eln2B7500L +01
s1067/57TH1EH+00
2 2RY4 A 2GE +
.§qba2n§1r+21
«30790000F +9
+UTI25000F «0
49144140t =01
.Anu'naQQhoua
+6617/6263E~g1)

TCOTTODUTD
TIITILITIX

Ty g S P B Pt ] St B G Jet] ) it
P e L L P PR Y
N

WA OO D NP LN -

V
v
TrzT

"FQRCE AT JINITIAL DEFLECTIOH(LBS) o o o« » =

STRESS IN SPRING (LPS/SCeINe)e o o o o o =
MAXIMUM ENERGY "CIN.«LBS) o o o s o o s o =3

WIRE DIAMETER
MEAN COIL DIAPETER (INe) o o o o o o s s =
NUMBER OF TURNS OF COIL o ¢ o o o o » o =
FREE END Agn LENGTH (IN.) | ‘

(IN‘)..‘...-O."..=

»
-
-

-
.
[
.
.
-
L ]
n

[ . ("R

A

«3137262195+00-

s JORGAZE + 02
« 189902k +06 °

«200049E+03

«1868

2.8941

34645

©3.0750

e

[}



-y T T PR T WYYy Ty T w—

of‘ th Conlbenr tran gi20 (new desten) S1MpPLX

' - [ . e =

1270377
14.52.21
e85 51 THYNT G HVYNTO0GZ
14.62.21.1P 00000896 WORDS - FILE INPUT , DC 00
{h.?;.gg;HVNT,TBO.
' ‘0- 17w - - .
14052, 2T ATTACH,OPTTSEP. YIy.J
1“.‘5?.2-’.pFN [S .
1'0.'3?.?3.0!'TI§FP - -
14.62.23.PF CYCLE NO. = 001 .
16252220 FTN.
14.67.303 1.367 ‘CP SECONDS COMPILATION YIME
£4.52. 3R LOSFT,L1A=0PTISEP.
1‘0.'-17.-3"1-L50o . I. ,
14,5243, Nnn FATAL LOADER FRRORS - SEE MAP
14.63.07. s ,
14.53.07. 00801 6P SFLONDS FXFCUTION TIME -
14.53.07.00 uuuuraxs WORDS - FILE OUTPUT , OC 40 .
16.53.07.0P C010.970 SEC. ,
14.53.07.PP / 013.157 SEG.
14.53.07.10 007,304 SEG.
14.53.07.10M QRN 281 WS/512 )
ll“.r):;.(]?.rpH ?Gl.‘;r)q HS/SlZ, -
14.53.07.-FNDJOR 12703773 - - v
esxevswrews i HUNTQGZ //// END OF CIST 777/
srevsssvene : HYNTOGZ /777 END OF LIST /777
sINPUT ' '
X1MAX = 0.5E+00,
XZMAX = O0J4E+0L, - i
XIMAX = 0.5Eg01, T T T T T e
XGMAX = 0164024 | T
XSHAX = 0.2E+01, .
DEFM ~ = 0.34581E401, _ _
E 0 T = 0J3Es08, . T TE T T
STH = 0.19E406, ) R
ELOW = Qs ze+03, . ”
SPHR = 0.284E+00,
"FYNIY = 0I18BE+Q2, T T T T oo
RM. = 0.2E401p
pLONP = 0.9375E+00, ’
$END - : ‘ i y
// .,

X HPHJ\STER = SCOPE 3.4 AT ‘LS‘OB 117164773

i
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Cont.1nued
,3&508h31£+00.'

3-H(b):
OPTIMUM SOLUTION FOUND
U

FIGURL,
o
MINIMUM

vt ok =l et
cCoOorD
EE I B R
| PR TR TS PR T
gl AV . 4
crosh
[SaR et = RV o]
MANMN
-t O et
00 L T
[ R S TUall- a4 V)
Lo larfaal DNE )
[ 2RO B I ]

-

oy, iy o

L aly S B g1,

N e Nt St ot

Dut 2 e e

INFQUALTITY CONSTRAINTS

N

OO A O
oo CcoDooooee,
FO N I R
[ PR FUS UYR PURTUR PV PG 1) B T PR TRy
Pl SO MO M % N
[oall ol ToRVal =¥ af == B8 S SSVaR Tl
Al TN M e AN
[Nk~ ol ol o} S JWN AN JE I} Y o ¥
ol oSl ol =3 ST L K N oo ) o2 o))
ECCMT LT IT LD
Pl e VoY E RUaR. ol s G oS o - o)
Ll - e W N o R NN E S X- ol aa ¥ ap)
IR NN

Wi wwnn

g Sy G, gl grin, P S Ry N S, S S
MmN O OO

EalaX ok )
N T Nl Wl St St N S Nyt St g Nl Vet
St Bt et et Tt Bt Bt Bl o bt ot ot Bt
ITXTIXTIIIITIIX
cnacdaaoanoco

. L.

A N

«1811
3.1607
3.6902
2.8693

-186615E+06
1.2413

«177869F+02
.200827E+03

-« =

s

-
L]

...

<

FORCE AT INITIAL OFFLECTIQN(LAS)
INITIAL conB. ANGLE (RAD) -4 o o o o o o =

STRESS IN SPRING (LB8S/SN.IN.).
MAXIMUM ENERGY (IN.-LBS)
MEAN COTL DIAMETER (IN.)

*NUMBER OF TURNS OF COIL
.FREE END ARM LENGTH (IN.)

., HIRE DIAMETER (IN.}

Al

| S—



' of the Conibear trap #:70 (new destpn) BEEE L

3 PCVASTER - SCOPE 3,4 Ay L36¢8  11/14,73

HYNTn 39 HVMT Q39
lt[TOQQdoﬁqb WORDS = FILE INPUT v DC g0
A

Yl ve Jo

S
3
2
s

/
7
2
j
T<ATTACH.OPTISEP, :
!
H
3

> TTSE ]
Hr CYCLE NO. = 001

Fine
LR 1+286 CP <ECONDS COMPILATION TIME
Uy e 3.LUS‘T|L = GPTIS[P.
LoRP IS ‘O-LL)O.
59,37, NCH-FATAL LCACER LRRORS - SFE MAP

GGedN,. STCP
CP SECONDS EXFCUTION TIME

Ye JH »

Ly e 3. CP 0&663970 WekDS = FILE QUTPUT o OC 40

0
2 13- BP 03 g%a SFC
2G e 10 nn? d51 §tC. T
A R g
LY LY . P ) -
39 LnlJdeh 15305?73 >1e ' gk

) 4
gopoadcoand HYNTO039 /777 END OF LIST 4)//
soapReddoad MYNTU3y /777 thD Ur LIST 777/

i

——_— TS ST DDCDDIED D
a..'l'lloono-—'

P et Pt et P it g —-h‘-‘s—'n—'-—'t—!r—!u—lnﬁ—‘—l-‘-‘

'.3:!’3:0‘3

S INPUT
Xxlmax

|0.5E+00.

XoMaX DetE+0Ly

X3MAX UeSESOL,

xewAx = 0,1E02y o ¥
XSMAK = 0.2g«U1, ”

DEFW Qe562HTE*QLY

0,3E+08,

0+19E406%

ELOY 0.5E+03y

SPWY 0e2g84E+000

FINIT = 9.255~02.

éM . = 0.%E001'

DLOCP = 0.13125E¢01»

sEND l : '

"

m
1

STW

U

n

FIGURE d=t.(n): Optimieation compulter resull off the

nper b

i
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of the Conibear tran #7220 (new destirn) SIMPLX
e e e
12703773 MCMASTER - SCOPE 3.4 AT L348 11714273
15.39,08,
15.39.08.9YMT KM HYNTOXM A
15.39,.08. 1P 00000896 WORDS - FILE INPUT , DC 00
15.39. 0R.HVNT,T60. :
15.39. 08, YT Yo Je
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5.39.09.PFN
s.sq.na.oprrvﬁo
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G.3Q.?U.LGO. . . L —_———
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srrrIANEREY HUNTOKM /777 END OF LCIST 7777
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CXIMAX T = QWSFeQ1, T T TTTTTToToTmTTTTmIm oo
XWMAX = 0.1E+02,
XSMAX = 0.2E+01, : /
1 . '
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"FINIT=*“="n.stfuzi”"“‘““ff”“"“”"‘"""”"“‘"""*“"‘"”"""*f
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BLOOP = ‘0.13125E+01, .
$£END ' ‘
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FIGURE 3-7(b):
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b L ] M .
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[} . (L] \ [ ]
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ll-ag-gb-gﬁrr*CLt NCe = gl i
11232°j3' T +376 CP <Ec0nos COMPTILATION TIME
ll.ue 3? tg FTaL B=gpTlg

b L . , - -
}}-ag v 39 SNCH‘FATAL LCAGLER ERRURS ‘= SEE MAP
*}{251332 Trqoa CP SECONRDS EXECUTION TIME
11:25:30:cP 00009216 wiRpS - FILE GUTPUT » DC 40
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e TR o

.‘Q IDL'- *
}l.aﬁ.bq.thJca 13/65/;3 .
poaastaRaL Y HVNT065 /777 END OF LIST /777
9““*?“”““““ HVN1065 /777 END OF LIST /777

.4"\. v . g mmme= e e e e e e R - . - - - - - - - .. - . - -
br - ;
$INPUT _
XlpmpX = 0,5g+00, “
XZMA X = D.4E+01,
X3MAX = 0,501, "
XQHAX =" 0012E"02'
XSMAX = 0.2E+01,
DEFwm = 0.725E+01
F_ ) 7 = .-[).3E§081 T T o - - T T T T
Syw = 0,19E+06s _
ELOW = 0.86g+03» . "o
. S

SPWY = D«2B4E+00> -
FINIT = 0,32E+02y i o oo *:___—-
RM = 0.pEeOly
pLOCP = 0,2125E+01% _
$END )
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Strictly speaking, "prediction” may not be t.he ) J
. s ce " ..
proper word Lo use herey but we ean anticeipate the Ltheoretteal
cnerry level at the various faw openings of Lthe tveap, by
velating the Inw openinge to the apring deflection ang Lo
} .
h-1 Defintition of the parameters,
Let un define additional mn‘nnu't.m':"» as nhown :
tn "lrrure ha1. . '
-y .
(4] J"‘
A . l
\
. ’/4‘ .
. ) .
. .
o . i,
. .
53 : ‘
s . q
1
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S ""9-" \ “NNeck point | _ _
.“\ . . . t o ‘ i ' . | - . | . ) ‘ 'I
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\ N {
\\
P . ‘
p N , (Gt
N ‘ _ ' 90
Y ‘ 2 :
EL Distance from the fulcrum to the outer frame nfvthv trap
(O Sprinre arm lenpth to the neck
0 Nominal Jaw opening

Distaner between tie necks of the spring
n . Trap angle

g Sprinm anglce
§-? " Theopetical enerpy caleulatlions.

% The theorctical enerpy level at a certain trap Jaw

6p$n1nr wi]]_ho caqunl to ;h; strain encrpyv seleased fhom tth

Tspring Lo that noint ré&m the full deflectlion. ,
fﬁcrefbre, the faw opneninge éhou]d be related to

the springm dsﬁ}oction anrle. Let us first relate the no inal L

ﬁnw opening or the tran anvié'tn the spring anple. It is

assumed that the free end arm and the sbring c¢nll do not

chahpe the shane during the dgf]ection.

The nominal iaw oﬁcninr T, and the distance, 5,

bhetween the neck point of‘tﬁe freo;ehd_nrms were measured

alterine the oheninﬁ by a certb: Increment.
Then the tran anﬁlegxo i1l be

1 T, o

?lt

Redrawing the nuadréhqlc ABCD in Fipure 4-2 the soring anrle,

0 = 2 X'Sin”

(4-1)

4. ]
- R will be

¥ 1



r_-l (£
B = 2[w/? - (a + v)) (h=2)
where .
-1, D
a tan (5r~) N \
s

s
P/ T ¥ (D727

Yy T COS—](

|

The numerical relationship between the trap anple
and the serine anple is smoothed by using the polynomial
approximation to ret a cqgg;huous\curvo as shown in Flpure -l

The numerical data is shown in Fipure 4-5,

The spring deflection anrle ¢ is, from thé Fipure H-3

~

Position at full
.deflection

Fow
!
.~
A
-
Position at initial—
. .. deflection

Figure n-3 ' ' - ,‘
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Henee from the eauatdon ?~7); the theorctical onofny al the

nominal faw openting will be:

»

0= - B 4,7 - ¢?

T o © (b=l
SO (hen 4+ L= D -
3

per sering

Meure =% and H-& show the computer calculation results and

the rrnphﬁ .

The computer propramme is listed In the Appendlx ren

with explanations for the user. ‘ ’ L
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"Lho c]orinr time for varin

5-1 Review of the previous work

\

.. EXPERIMENTAL EVALUATTON . \ 08

TN

at varifous jaw Oﬂvninrﬂ Sas oxp]n1nod in Fhaptorq »sand N

the actu
n xpl r1me

of cach

_f‘n’l Tows ! ‘

/

e

are, the 1mpact ‘enerpv, the

¢lamping and, prying forces

. '
measure ,
A} .

~

i’

A]thouph Lhn Lhooroticnl eneryy ]ovolﬂ can be computod

¥
r el
nl nvn11ﬁhle onorrv can on]v be determined by an

ntal Lochn1nun hvonu £ of the cnmplexitv OF the motinn

. ¢

trnp part and the varlous frlction pointsa.

A

The source of thc‘oncrﬁy lons can be summarized as

¥

+

a): Prjction botwcon the trap mvchﬂniﬂm.

b)<rTricL10n of the moving tran parts with the
‘ environment. (atr, water.or ice)

¢) ' Enerpy consumed by.the undesirable motion =
of the tPnDJpﬁPt° (ex: the velocity of the
whole sprine 1tself in a dircectlion perpen-
dicular Lo the freg ond arm.)

d) Other minor -losses

g

A

_—_ D

It 1s known . that there are rour prime factorq in -

V4
“cevaluating the traps rrom the mechanical point of view. Thgsg

\ T

lamping And=nryinn Corcqs, and

! jaw'openihas'of the tranp.. The
ar  straight—}brward and easy to

but for the~1mpact‘encrﬁy'which 1s a majgr'factor in

1
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fudpinr the humané,ﬁran,lit was established from the‘bcnin—
“ntnge, at McManter University, to use the’ Kinetlc energy mvthod'_
which proved to be relatively independent” from thn testing
method,  The kinetic eﬁermy'léch&‘of'the trap at varilous Jaw
_npnn!nrs nreﬁqhtaincd by analvsing fhe hiph'%peed film‘and it

3 ) . AU

is wé]]rdocdmontéd iﬁ ﬂppendix A of the N.C. Johnston's thesis.
.ﬂhv'ﬂndiﬂled Con1boaruﬂcalcs[;ﬂére based on these test results.
nlno‘rof tho.oxperimcnfs'heinr carried out at Guelph Un1VeTsity,
n'tost device has beon qupplied 1n which tho kinetlic enerpey
lcvvlvl an be variod § Thu,, kinetic energy ir beinm used .as

®

- a prime measure of trap effectiveness.

ha? <Revision of the téétihp methnd. h ' -

s - - — i e

Because tho kinetlc energy of the Conibear trap
comprises mainlv of two narts, the kinetic enernies of the
trap. frame and the free end arms of thc trap sprinr(s}
1a ronulred to have the motions oP both the trap frame anhd
the free end arms of the sprinﬁ on high speed film. Therefore,
“instead of fixinr one or the-.trap frames to the stand, a .
plece of pipe was placed throuph the sprtng coils,and oné end
of thq pipe wqp clamped toa ‘stand as shown in Fipure - )-1 |

Pictures were taken in. a direction parallel to the

center Iine aof the'pipé v

B\



"(u

.
Tt -
-

Flpure 9=1 B

/’ln-t_.h!.-'. aane, the hiph apeed f1lms 'wi-rr-‘ analyned in

A odt trerent wn_‘-.'. .
1 o
.Ir & ;

)

o Both moving

T (a)
* Fig. 5-2 Side view of the trap frame

»

[} N
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€ i 'v '{ |+
\ . .
In Figpure H20(n), let un ancume the Lrap angele 0,
w4
1o cdeerenned by A0 | during the time fnterval Atil, LlH'II\L!H'
atgru e npeed, oy of one ferame will be:
[ - -.-..‘ ———— =
"1 SOX AL .
1
fherelfore . the averarse kinelle enerpy during the Uime tnterval
- : l' ‘
will b ’
_ - 4
oo SRR Lot
where 1= mans moment of tnertian of Lhe one frame about the
Caxtn ol rotatlon,
\":'In- anme formula ean be applled Lo Lhe free end arms ol the
. L N i
asprlnge,
CWhereas, tn the cane of Fipure H=(b)y they will
1Y ‘ 3® -
. N L - i
e " _.‘.‘\
— o TR .
I ) C ' \\.f\
I, = -}; 1 l.n_)'? . .x
. . . L7 ) t
Loh=4t Programme mﬂ;i’ff“.r‘.:lt;\nn and tent rt".ul'l'
: "1.-:---'--

Thv vnmputﬁr prnprﬁmqﬁ whlch nnn}yzun the hiph )

s

“vvvd F11m rnndlnrn Win mndtf1v ln qocnmmudnlv‘new }nfnrmution. -

" Pieatly, Lhe n]ntttd pnintn_pﬂ the k1nvL1c "nlIVV, . cnmpuLvd %

from Lhe dltq of th'hlﬁh speed film. rvndinru;' ususally had n

T ronstderab o cq{tpp an .hnwulin Figuren S=3 () Hnd'(h). In

view of Lhe rqct Lhﬂt‘thekangL_v nnnrrv nqunLinn {5 contlnuous

f. -
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th thv Finjto 1nterval, the pﬁennmnnn was connldered Lo come
from the error 1n tﬁo hifrh qpood film readings. Therefore,
the £f11m sneed was Qouhled to 2,000 frames per second with
the same 05 feet of the £1Tm per shot, nnd a pnlyﬁnmﬁnl
appraximation method to the discrete data was added to the
programme - Lo smooth the curve. |

‘Socond}v, the ﬁﬁonrnmmc was modifled Ln-fﬂad and
process the h'rh specd £film roqdinrﬂ for Lhe frec end arms
nF:Lhu.sprinﬂ as vxnlained tn the provioun nection.‘ ‘Other
miscellancous Chﬁh??“ hqve been made accordingly.

The propramme 1" 11sted in AFnondix "p" with the
user's mgnunl, and the testing results are shown 1n- Tables,

21, 4=, g%ﬁi1pur0" 5-4 and S—f

As mentioned carlier the kinetic cnergy levcl used

1n Lhe pq"t for thc Conibeqr traps. tncludod onlv the trnp >
Frnmo»enermy; Therefore, the revised method will provide Iy
n much more meaninrful result. However, the available-cncfny. \'{
levels hensured a;c still only aDproximﬁtelv 50p.or the
Lhonrctfcal'éncrﬁy stPred in the sprinﬂ. Although the test
, r("ult" were supported by an auxiliarv teoh\:ronrammc result . A

whloh wAS cqrried ;ut on Gn@ple af four traps of each size, ‘
further .testinpg should begdone on a statistical basis to
establish more reljable resultls. .

- “ r

. : , .
) )

‘ ) _ ,
“b' - ' p
, . )

. ‘
.
’ .
’ : . A

A



Specific:

ﬂ;r':li\.\"nnrm_'

Treap moded
Trapn Lyoe

Numl.n'r‘ .ﬂf‘ springs

spring modulus (Calculated)

JTrirrvr type

Tpap frame slze

on

‘Mnm$ﬂt of lnertia to its center

of rotatlon
Trap frame |

Free gnd of the apring

D\ntnncv'Frh?;Tu]crUm to the

outer frame

N ) ’ ,
Lenprthef-the free end arm

of the Trap

.

. b
Model #330 (Green calourcd)

Conibenr

Production
2 ..
93180 in.1bs./deg.

Double acting prénn
tripger

10.3125"X 10.312%"

15.91 1b.~1n.?

14.31 1b~1n2

5.16“

8.75"
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6. DISCUSSTON - ST S

e ' N

L

o _ In this Part I, the prinp analvsis formulas were

n

deve]oned for the Conibear trans and snrinp optipdzation and

Rl

desipnprorramme were formu]ated based on these, which will
prohide.a means of determininp proper snrinp dimensions to-.
:eprnuide pecified enerpv levels in the various trap sizes.

iho 10 enerrv }evels will be more proocrlv set when experimental

'dnta i' avallabie rromthe propramme being carried on at Guelph

Universitv o ; Q - ) J )
. . - |' . ‘

The analvsis presented here will allow the energy

distribution over the separate sprinrs and taws of the trap ‘\\_

I
to be determined ‘and predicted for any Jaw openinp. Whereas,

in the previous work onlv the kinetic enerrv in the Jaws was .
ffdrtermined bv hiph sneed ppotoeraohv, this was - onlv\part of

the available enerpv. However, the\available energy obtained

from the revised methoduhas st111’ approximatelv half of  the.

4

.theoretical enerrv stored in the sprine. The main obJeCtive

~ ~ d

A

‘here was - to. develop and test the feasibilitv of this method

'S

‘oP eneer measurement and 1imited ‘test work has been done. i
. Therefore there 1s: no;statistica} base for the results. It.. -

is recommended that further testimp be done in this .area on, a
- - N . .. ) . . 1 , T -~ -
larger samole vk

: : . . :
1 ' ' .

On some high sneed film analvsis it was shown that
the trap Jaw led the motion of the free end arm of- the snrinp,

csneciallv in the’ later part of the co}lapsinr motion. It is

. o

- 80 .
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d1rficult to determine whether they exert one total blow or )
two separate lower level impacts and if it 1is the latter
case what the time interval 14 and at what openinp the Jaws

dbopin to lead the sprinps. Furthermore, both sprinrs do not

.

-~

neces sarilv provide identical action.\\F\;\\.

An'impact transducer* and charge amplifleri*'could -
he ueed with an oscilloscone to determine the nature of this
) separate action with reasonable accuracv.‘ Althouph the values
mr the separate imnacts would likely '‘be quité variable yith |
each test the proportion of the’f///imﬂacts and time intervals.

between them would be verv useful information. If‘these tests T

»

‘:reveal ‘that there are\two §éparate impacts on trap closure,

q-x—-

either more mass can be added to the trap 1aws until their
motion is slowed down to match the\SprinF opening velocity, or

“the tran frame shape could be modified so that it is not - ’

accelerated so earlv durinp the closinr motion. T S

- . - . . ~

' g ] ‘ ’ N A

{ !

o . ‘ . ot . P

* Por exahole Model #218a by PCB Piezotronics Co. S
'.- . - ' . ‘
S ORE For example Model #5001 by Kistler Co. ‘

f
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7. INTRODUCTION -

The main obJectives of this part were to desipn,

-~ et » v e T e
i -

anuracture and test nrototypes oft the Jacob concept

-

AmOhF many aﬁpectq as we deal. with the humane trap, the. .
: moqt vital criteria from the mechanical point’of view‘are

» -a).

c)
o)

L] Al

i

_Animal control - the- capabilitv of deliveriny

the blow to the most vulnerable polnt. of ‘thé

animal, ile. to the back of the neck Just below :

the base of the- skull., . ‘ . L '

Sufricient energy to’ humanelv dispatch the . ‘ f,;f‘
larpest ‘animal that may be encéuntered in the :
'species for which: the trap 1s used. P

bl |

Sufficient-clamping force, ' ';.

Good safetv features. '; T . S ' 4

-~

-~ The rirst two items are these reatures that must.

be desirned into any- trap that is to meet the d:finition of “//

a humane trap, and these features are inter-rel

the blow can always be delivered to- the most vital spot

ted Ir.

]

-

. the, reouired impact ‘can benun;mized It has become evident -that

animal control is the most important and most difficult feature

to be desirned into a humane trap. .

/ <
! /

a

-~

.- ' Experience gained in the previous: evaluation programmes;

.hae

o suggested that the trap cpncept invented by

k]

A Jacob has good potential to satisfv the above criteria.

Pl\H. Tschoepe

[2]- >

carried ‘out some prelimiqarv work on

[

this trap and it has become evident that several features e'ﬁ

to be improved. = The required 1mprovements,are as f°11°”§: \\;

AN

... a)

$‘[ | .._'. " -' . .:
T

N
Underwater performances
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R ;- b) Remodellin? the interior meehanism to avold the = -
. A Asciskor action ahd renlactnp the anvil pIntef .

with some other device.
J

' ~c¢) Redesifn of the sérinp to give’ the hipher B v
B gimpact enerrv required. . . e

.‘t C : .

".dl To devise better trippering devices. ot '.“' Lo ’

;\_
v -

‘ ..:' Alonp with those, the idea of using a- etirrup was

supreh tnd by H. c. Lunn. This is a Ioep (Firure 9 12) which

s »

- is hunr at qhoulder heipht within the burrdundihﬁ sprinr.

ﬂhjv loop can swing.with the trap jaws when the animal ﬁuts ) ' '
. ' !
Inn head throerh it., The swinp1np action trirrers the trap,

and because the cloqinp trap 1awa swinr with the 1oop thev .
ro Jow tho animal throuph the trap and:the blpw will be delivered T

q — .

to Lhe hack of the. neck This is -a most promisinp 1dea for . R

_'-,anthal control, aﬁ/ﬂ/t requires rurther 1nvest1gation.

. : .ﬁt * In view of these pronosed ma1or design chanpee and

h1rher renuired enerry 1eVels indicated, by the Guelph programme,
\ . .

1t was. believed that the most erfective approach would\be to

rmdesipn from the bepinninp. : - \‘ coe _ '?

. 8 v . ’ - . ' ‘.-' ' b .
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N, REVIFW OF PREVIOUS WORK . .

. . K . . . v . . -

. . - 9

t

L Thc pre]iminarv work carried.out by P, H. Tashoepe

rF T
' -

"

3 ¥
Fr
: R
-

//ﬁ nn the . ncob tran, as preaented in his thesis[a]in Chantpr,3,

hﬁ‘

wﬁa arefullv reYJPWEG and a brief summarv 1s presented hcre
g S § .
: ‘;."." : “\ ' . - ' - ; o . -

{1 Mechanism Nesien . \\\g <‘ 3 *

Lad \ . +

e :

Thc oririnal Porm of Jacob’ trap, as conceived by its

Inventor A. Jacob is . shown in Fipure Bw . . o

. . It operatce dq a planar mechanism and is_ therefore,
Infcnior in respect\to f:imal control: The first attempt to ,
,' cvchOme this disadvanta“\yasfhv- ) . _
oo TRUTRETE R AASadvA T Y . y
o " 'a). Usinpg a wide 14t bar. -spring- frame and ingstalling - - >
two pairs of jaw§ lbcated.some axial_ distance: .
, ‘apart. . - .

b) Connectinp two individual traps in parallel

. Lo
..

Neither of these proposala was adcpted because of the

.ccnplexitv of the mechanism that would be involved. Next to

ohtain the optimum confipuration and - mathematical model of the
- " - . . .
trnn. it ‘was idealized into a 5-bar kinematic chain. By - .

-

'cpn.tructinc kinematic models and usinp trial and errcr methods,

'the rnllowinp fprmula was cbtained-fcr the basic;trap gccmetry
length of moment ‘arm =[2.25 . ’
base - 1

o

This was based on Xhe followinp desirn criteria. .
a) To alm to center an animal An the trap s transverse
direction . .
'.—,Tr o . . . N - .

-'b) To maximize the mechanical advantape of . thc jaws

' - . - N . - . . ’ oo * '
. . . i . - . "o . . N - ‘.. A .
’ T L el .
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. o . ) :
¢) To maximize the space swing of the jaws.’ -
.d) To minimize the overall geometric size of | N R
 .the trap. T

It was also supgested that an anvil plate be used-
at ‘the bottom of the trao to close the gan betueen the ‘lower____ . .
points of the Jjaws and the spring base when ‘the trap 1s 1n the

closed position and to act as a strike plate..
- To determine a ranye of sizes for the trap to accom-,
s 1

modate the differen& animal groups, the Conibear series was -

used as' a reference base, and the heights of. the Jacob. traps
LIX, ‘& TII were chosen to be 6, 8 and 11 inches. This -
1s I inch hipher than the Conibear traps 120, 220 and 330,

in view Of the low energy level in the first stage of the Jaw

motion. : _ - .
. ) . r)

 8-2 "Syrine Frame Ags1zn ;”Tséﬁpaég‘ e =

 Although :ﬁ frame des‘i?n started with the 1dealized

5 bar mechanism, 1t was found necessarv to 1ntroduce a. ;;" .

3 -

-reasonable radius*-at the- corner where the free end arm Joins :

L

3with the base.. This was main@v to reduce the 1nterna1 stress

_when“the sprinp s loaded. . | r; . .f - ”;faf;
? M‘ter the overall confipuration was‘ decided the thickness
| ;of the sprinr material was calcd}ated from the Gurved Sprinr .1 : f
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'eauation* restrictinw the internal stress below the allowable

-, stress. Then the Miﬁthnof the snrinr bar ‘was determined

'

accordinp td the force. requirement at the end of the rree end
1 : :

_,arm.

_For ‘the saPe of comparison and reference,rthe-‘ :

; . b -
'Vdimensions of- Tschoepe s rinal spring designs Are shown in Table 8- 1

Usinp these dimensions and the snrinp formulae developed For this '

project in Chapter 10, new values for deflection, stress, strain
enerpy stored in the spring, etc. are calculatednand are also °
i1sted in Table 8-1. .~ ' | - B

-3 Test Results - Tschoene

4 B . . .
+ . . . . . . L i -

éeceuse of the nature oﬂ'the'méchanism,ithe clamping
‘and prjingiforces;are idedtioal in th@”&acob'trap end.itiwas
idealized as a slider crank ﬁechanisd tofcomodteithe kinetie:; RS
enerer from-tﬁe.high speed film reedinée. The'results"ere

. i . ‘- s . to. ) . N " s r . R . .
shown here for convenience and for reference, .in Table 8-2. . .,

. + . 1 4
"% pAppendix E of ref. (2)
h . ’ .
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. P.H. Tschoepe's Desipn Results of the Jacob Trap

1

- curved sorine (rad.) = \l

R C + .Jacob Tran ‘
Peserintion — , , v .
: I IT . III -°
‘Thickness of. the spr}ng . F .o0678 .1000 1250
"material (in.). - . o~
Width or the sprinr 1.50 !'I.7§f 32:00
material” (in.) ‘ | B o
Free end arm len?th 5:80" 7.75 10.30
' (in.) | S T A
fht;'e lenrth (in.*) - “90 s “5 ‘L .50
1 “
: nd1U° of Curvature of b 1,00? . {-1.20 - 1.75
“the ‘curved soring (in. ) : : -
y ) A 7
,Annle of curvature of the 1.789. 1'730 1:780,M

'Calculated values by - the author u%ing formulae develoned fer
and above dimensions ‘ '

this pro#ecﬁ

a
y

Initial comnression anple -

.o

(rad ) 0 0

" Total horizontal defiection | | o
at the end of the free end . BfSQO RREE ‘63509 .
"arm (in.) S, N
-Foriyontal ﬁorce at full ; " - - :
‘deflection at the end of .. -28'09 -53.00 . |76.00

_the free end arm (1bs.) ' S i1 - F y

: ‘Snr1nb constaﬁﬁ'(lbs/in.) 8.00 - - -f12'69 11.69. .

" Syress in.the spring "hés,954 {162,937 176,138
: (1bs/in?) N SerTt s
Strain energv stonﬁé 1q ..“93;00' |-221.28 --49N.00
the snriﬁn (in-lbs ) 1 , L :
Weirht of the(snrinp T ) - U5# 1. 03# -4 .1.98#

‘% This value 1s

_dofinition in this proifct.

i

the half of the oririnal value accordlnp to new-

A

(0




S UTARMLE B= e 5 schoepe's test results ; ol Jacoab trap - e

Cun

;

" » —

~ 1 . - . -
.

Jacob T {-.qﬁcoﬁ 1T | -Jacob T1I .

)

: Jaw
neseription

Onenine

v Above _Under phove Under }“Above 1 Under
Water | Water- Inter Water | Water | Vater

| Max. § 83.27 | 23.09 197.2u-' 40,16 | 535.09) 87.14
9" b e | -= TV ol | == { 13:00] 5.2

(A S— -~z | 7.00 -] 2.00 | 194,00} 49.8 .
Vinetie y- ‘" . . . - . . o .
Fnerry ' 5. ;T - 143.00 25'00 535.00 p 84.1.
(p-1bs.) S 1 | 1

it 36.00 | 260 | aee - fiene e ety |

.3 TEON I SU TN SRR R R, -

1 . | oo,
v | e ) 2.m0 CONNEY A A —
. N * . .. . : Q ) -"E' . i . -
r1n31np Time (m1111- 14,4 26.1 }19.6 .} 30.! 21.2 40.0
- - sec)’ ' ' ' ; i
- '__d_ M . ’
S I T.. e : : ¢
.. - 305" - . 1015 | 134.7
3" 96.2 ‘|- 87.0 . +120.0
“Clametne 0 b i | S ]
Prelne force "y 66,9 - 57.0 83.1.
BESLENS ERERE S ! : . ) . T S
) | 1" of 370 p S 30.8 -1 - 39.0
. . i : S o . ' . N E o '
.'.— " - % 0.5“'. . ' ‘20;0 . - 18-5 o . ' .. -‘—-'
« Moment of inertia aLe - -4 12,026 T | 15,930 .
{1bs.sa.1n) 3.036 ' ! _ .
‘.tﬁwdnr mOdulus;;' o [P 375 .} ?5520
(Ibs./in.) . * _ _5'000 . 2 3- ‘ b
. ’ Tt B PR .
} X . } ‘, )
_ Tranwelpht - T g0 PCTEPIN N £
(]bs.)‘ : . - . ‘ . : N .-. ) .
- A g . : _ .. ‘
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SPRING CONFIGURATION'AND'INTERIOR MECHANISM .
T i S |

J , . .. . R L . '\\

- . o ‘. 1
» ' . . - .l

\

ASSUminF that the conventional spring powered strike . b
trapais a solution to the humane trapping nroblem,,there is one

mbst important constraint that must be satisfied This eohstraint
. T {
pequires that the animal»must be controlled by the trap itself

durinp the firinp action 30 that the blow is always delivered

o P

to-tho most vital snot

IS . .
. K - L]

;; W As mentioned in the introduction, the idea of-using a.

f

O .
s‘.'." . . .
. . * .

| .
/

stirrup which carries the trap Jaws in its planen and is swung

by the animal upon entrv thus trigrering thb trap, appears,-~";

10 . -
. 'l' . ] " .

L o have preat potential. - : '

C— The main aim of ﬂhe desipn work in this proJect was‘

. to develop this idea which until.now was onlylin the conceptual K
sta}e, However, the'workabilitv of this conce%t has been |
proven insofar as its compatibility witb the animal. Two rough '

l
models were tested thuelphwith 1ive apimals io determine 1f

" the animad would, aoproaeh the stirrup, and continue to push

L
| on it after contact to effect sufficient swing\to trigger the
S . ‘\

trap. The results of these tests warranted further development :ﬁ
v 'n' Yo ‘.'"-.'

of this idea and the next stape which was\undertaken in this_
proiect ‘vias. to make it workable. from 4 mechanical viewpoint

‘satisfvinp the constraints of enerpv, clamoinglforce, underwater

|
nerformance, etc. The sprinr frame, strike bars, stirrups and -

. ‘trirrer are the four principal parts to be considered in T
desipninp the Jacob trap. The latter three parts are called

the interior mechanism,' The strike bars and t e stirrup are
FJ
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B 1nt|\]'_ I.l‘-]."ltt‘d, ﬂnd the:v ﬂ,rc disou'sspd top-l(\thcrﬂ 1n n SEPRPaLC B - .
dection, ’ . 3 - . - , l .' - A "
) - ,l . . "-‘ '. .~ - . . i . . J‘ s
a-17 Sprinf Confipuration * " 0 . L 7 L
o o8 N " ‘ ’ '
The ﬁprjnm;-which 1s‘a1so the;rramo'of tﬁe'anob Lrhn.‘
« slorves .trnin onorpy and supports - the 1ntorior mochanium. Phq."n

o

"nnrlr1nnl .prfnﬂ which was made out. of .a uniform width of r]at bhr
had Lo’ pc‘mﬁd1r1qd to réduce thn_dras$1c enerﬂy lnss.in‘thn.gndcr—
. , o . _ T e . ' -
» - wnter performance, - Since, the enerpy loss 15 mainly due to the upﬁbr

.. ‘part af the free end arm whiéh travels with a-hiph sﬁccd the main"'

T+ roncern 1s to trv to reducé the frontal aroa or the trce end arm
Lhat js'bresénted to the fluid dur1nw clo%inr travel ; An additibnal

.conﬂ.t.r‘ni"n:t‘whi.ch had to be satist‘icd 1n thils ,continuatidr; of thc

-~ t ._\..

i

L apridpy doqipn prorrnmme waa thc npod to obtain higher encrrv dutput._

LI « .y T

.ﬂhi.lnoed Was dotermtncd from proliminarv requltq?bf tho .as qocinted

-

. \ . oo e .,
nup]ph znolonjcnlly origntpd pronnammE.' ' ‘\\ N ;

[ A Y . B . .o . T Y : . . PR

A Pdat Bar npring, I ,' v L 'vs'ﬂ' &
- ;o .- - ” . - Ao ~ - . . 3 . .

- L J.,

. %everal ﬁ]ternative dcsirnq wbre producdd and are
’ ) "‘:": ’

fhnwn 1n Fipuro 9 1 The confipuratjon Qﬁﬁcon%iSts of threc

'Tlnt bar° Mith Lhe bottom of each free éhﬂﬁarm welded ‘to Lhe

4 4 \

-hnqo aprinn. Althoukh it 1q qimp]e 1n shape and ea%v to .

fnbricate tho weldinp nr the sprinr mqterial 15 undesirablc.

“(b)’ qhowq that both of the rree ‘end arms are twisted 90 derrees

/ a

« to the baso sprinr to reduce the area perpnndicular to tho.
dinoction,or.its travel. HOWeve;, -as the. reauired energv becomes.

Rl

ﬂﬂnhef, the width Qfﬁthe.ﬂlat_sprinn gebsuﬂider.and the’

.

V. .

- - . *
o . - . * o, e L .

A ' . . } - [N P _.'-m
v - . R s Lo . : v v . . . o

; : * : ) E : : .. : .

ey ’ S R . . .t . . - .
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Fig. -1 Elaf springs for the Jagop trap
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twisting lenpth lnnner,'which &huld<Cancel the aim, (c) shows
the flat spring Fer the base end the rohmod‘wire‘ror.the free
eivl arm.  This was not adopted Lechnuse it is ihndvisahie Lo
wvid tho wirelto the haee'enrihn and e‘simb]e connection

' - / .
belween' the free end arm and the interior mechanism was - (:—/ “;
o

difficult to attain. (d) is an alternative to the con 1rurntion”
{(v) &-(e). ﬂhe free end arms were made out of a mild stepl bar
.and conncction hrackets were welded to these - The brackets

Were 1oined to the base’ sprinp with machine SCrews. ‘wa

.pr1nr frameq or this type were Fabricated and tested and the

-

rvsdﬁt\ are inc]udod in Chanter 12. .Confipuration (e) is the
a4 f

most ophiqticated one. It 1s at empted to achicve\thc aim

°'w1Lhnut weldinﬁ, rivetinv or twiqtinn., Thererore, the spring

T
L

_.mator1n1 was cut out Prom the inside of thn Pree end arm and ,"(

thn odpos were bent away from the undeuirablc direction. The
hcndinr of the edreq formq a channel qectior which reinforceq

Lhe rroc on arms. If the proner toole are made, the,manu-

fﬂCLUP1nP coqt could be held to a Dractical level._l , o | .
. - | . 7 . o l

B. C1rcu11r w1re Sprinp

.
b v !
.

jn

P . Two helical tnraiJn-snrinrs are 1oined at thc baif
and the other ends of the coils extended ‘to become thc free end
"nrmq Fjrures 9-2 (a) and (b) showq initial confirurations.
mhc bnqe bar of (a) is as hipgh as the diameter of the spring .
cdil. and is 1In the wayv of the an1m11 s travel . Idea (b) was .
diqcarded because the sprinp coils interfere\eith the interior

mcc[anism and also it tends to unwin the soring” coils‘as the
. ! '
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“ (a) |

W

Fig. 9-2 Circular wire springs for the Jacob trap

-




trap 15 loaded. Thercfore, the base bar of the confipuration ?

{n) 1s bent downward as shown 1p Figure 9-2 (c). One of this

\ -

'typv,ﬂr_ﬁbr1ﬂﬂ was mnhufnctured_?nr the Jacob trap 1TT as
shown in Fipure 12-4.  However, 1t was.difficult, as discovered
tater, to make the-sprinp exactly symmotr1cn].nbout hoth

slidew nnd the differencecaused the rree end arma to movo in

different p]nnoﬂ.' The interior_mechantnm'was_twistcd when the
o \ ' o X ) '

trap wnsclnncd as A result Also, there werc manufacturlng

difficulties in making the qprinp with ono pieco of wire.

The prototvpo wns made .out of two qeparate sprinru, onn ror

,

_vnch sTde,nnd these were brazed.together at ‘the ‘base.
. Althouph some of the above ideas did hoi materialize,

one can still mndifv and further lnveetipate the pq.nibilitivs

of’ utll1?1nr some of theqe 1n the Jaooh trnp. It should be: notod Lh1t

the froc end arms, except 1n the case of Fipure 9 1 (c) and

-

Fipire 9-2, can. be considered:as,rimid bars for analyticnl o
B ) ? o

L purposes,

'-" .
. - Lo . . R . | @ -

. ’ - . d
. . . i
0-2 Strike Bars and. Stirruo

. - - o
: e :

" The strike bars and the stirrup make up the 1nterior

mvchan1qm. The oriminal dcsign had an anvii\plate at the
, bottom of the trap. When the concent of the st;rrup was . . o
introduced, two straipht. bars were added to joln the corners

of the anvil to the hinpges A and B in Fipure 9-3. Then, one

e
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‘ . l . b . . . . - N . -
jeint 4n’ the "anvil plate was eliminated:to make the model

simple, and”to\gzoid the extra derrce of freedom of motion’

in the anvil plate asscmva as shown in Figure 9-k. " Thus,

»

the 11n}nre called the stirrup was 1ntroduoed Also the

-
LY

strike hars were reehaned to avold ‘the sciss Lo} ol cuttinr action. -

They aro modified in such a way that the common tanpent line_

to thn lower cuer§ oP the strike bars remalns horizontal for =

tho most nart of‘the qtrikinp action. Thev were deeirned in ; .',i
'%h a- wav that the horizontal nortion will exert the 1mpact

encrry on the animal without deierin@ the pelt, and the end . E
portion or:the strike baée will'soueeze_thc neck of the animal |

. i’r'nm the si-des. "l‘hen the oi\d'f:e evOI'\fed that the inner share " . .
of, thc 1aw qhou]d be made close to'a circular qhape to minimiuc |
the peripheral spaces’ which could‘distract the animal'

'nttention_to t Hé&m, ~Therefore; the stirrup was medified amnin
ae";hoﬁn'in'ﬁirufe-Q-S' AlthouEh the ehaoe'or'the oneninr

.~

provonted to the animal ‘was reas nable when the 1aw was in the

.
- .

open po,ition there was a sizab e amount of rap between the
=hottom ends of the qtrike bars abd the qtirrun when the 1aw

WwAS 1n the. closéﬂ nosition as shown in Firure 9 S(a) Three

wavs were considered to reduce this -pap without increasinr

too much, thg overall size of the'interior,mechanism for‘the.

kLl
—

renuined-iaw'ononinpt Thejfitst'wévxﬁas to‘loﬁet the bottom '
ends, of the Strike bars by increasinP the upner 1ength of the -
3ﬁtrike bars. Thiq would reduce, the pfézet 1aw openinr and 7 |
1ncrease thp'kan,between the iqteridy mechanism and the epring_.

I - A
[
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t

frameé dué té the increased horizontal defloction at- the end

of" thn rrno end arm.‘ The second way was to lift up the ) - :
qt1rrun bv shorteninﬂ the length of thn atirrup, but this

would -also- reduce the preset Jaw oneninm., The third way was’

-

“to thicken up ‘the hnttom nart of tne strike bars as shown in |
Fieure” - b, anh th1° Is the lastjconriruration oF the model.
Firure 9-=7 Shows an alternntive model Inqtead of modifvinﬁ '
the strike bars, two bars, called cradle, which are piven |
a flattonend qhape to eliminate any scissor action were

. added to tﬂb %tirrup as qhown in Pigure 9 1. When th

strike
harq move downwnrd fhe cradle moves uoward closing th.'Jaw

tpomn]etelv without leavipp any gap at all or could

~

modeiled
to provide a small ?perturg. Another sqﬂgestion ras to |
install the strike bars aéd fhé s%irfup'épart about 1/2 1in.
Tﬁ this oaqe, when “the strike bars hit the: animal's neck

thov-will tend to. break the neck as 111uqtrated in Firure 9= 8

'
* - +

Str-!ke_ I_:dr- » l ,Sfirrup

“1Animals ‘travel
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This can bhe done hj putting spncerns between Lhn'nﬁvlkv\hnrn

oand st ireap at the hinges, The mode) 1InMpeure 9-T reaulres
\ -

b

=1 Trlerer Denirn

'15 that ft does not 1ntnrforq-w1th the passare thronnh;thn

shorter apacers becaune Lthe eradle ean be pPlaced on one stde

of the astirrup and Lhe strike bars.on thie ,nLtlu_-r :";1@1(_- nlt‘ “1;.. : S
stirrup. ' : LT . o -

4 . ' . . v . ) -
vy . . .

T )
' Two common tyvpes of Ariprgrs arc now In commercinl |

use, Lhe pan Lypv_nnd‘tho.prnhm tvpe. When the ﬁtlﬁrup wan
tntroduced tn the Jdacob trnpjdon!nn névornT other triprer
.I-v::l;—n‘:z, wh-l ("h"m'rl- {:r‘.l pped by the swingd e ﬂl;i.!‘.!flll:,_ were
cqnnidvréd. ﬁﬁv of the advantages of this t;pﬁ oE ripFer

Iaw opening and as .mentioned before, the real atm is to have

L4

positive nnimal céhtrn]. When the ﬂnimql puts his head through

the trap opening his shouldersa will contact the stirrup causling --

it to awing, Lhus riring the trnp.f The enerpy-delivering Jaws

swing with the ptirrup, and 'should always hit the animal at the

base of the skull. “The model 1in Filpure 9-9 uncs.a-%righur_hgﬁ .‘ﬂ' -

with n stop welded on both ends. The trigrer bar holds the,
. , 1ae e .

spring-frame open. " When the stirrup 18 awung from elther side, |

+

l}uwili rotate the hinge bracket and 1ts. extended V-notch -to

push thorir1nmnr'hnr off the swing ‘and release 1t. 'Thc'yrigpor o

. ¢

bar can ¥e ‘chalned to th‘sprjng. This needs further consideration

when the rreo'epd arm 1nc11nes too much from the vertical pr'“
) # . .

. . . ' 13
the "free end-arm is rotated 90 .degrces to reduce the under-

L
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alor enerpy . lois. In Fipure 9-10, the idea was to attach
a Lrirror to the bottom end of one of: the etrike barq.' The
Dxten“ion of the sprinp Fname becomee the counter-purt of the o
’L;1ppor bar. However “to avoid tho complicated désipn, both .?"

of them are renlaced with a stop as shown in Fipure 9 ll

-+
.

whlch cnn be a part of the sprinp Prame. The bottom end of a

1.Lriko har is shaned to sit on the qtop when the trap 1s set..

. \ a -

Iw nlterinr the width or the stop, the swinp anple on the

qtirrub, renuired to trip the trap, can be adiusted Thc desipn

S imple, no addibIAhal larne parts are required, and the

N

contact rorce between_the etop and the strike bar can ‘be reduced .
“-rhv raininr the stop to its possible hiphest point.t Hoﬁever when
thls wae tr{ed 1t turned out Ehat the stirrup (hhich‘is the e L
trirper) was not sensitive enough due: to the friction in the "He.fa'
}ﬂnre hrnckete which are under. the.direct spring forces..iiﬂ,fﬁ

.o The tripPer bar, in: Figure 9 12 ‘which is confiected by
a pin to the formed free end arm on one end .and the half
-circle~proove of the other end sets the trap 1ike the ordihary gﬁ
.prnnr tvre trippers. The hinge bracket\\when it is rotated by‘

'the qtirrup pushes up the eounterpart hich is a piece of

* t. ;
eteel sheet welded to the triggeribar. The swing anyle of the:;
qtirrun reouired to trip the trap can be ad1usted bv altering .

the width of ‘the steel bar. As the direﬁt Spr'imz f'or'ces are: ',

'*unported by the trigper Gar, the stirrup is free to rotate,f&

’ .

/".’
which makes the tripper ‘ sensitive. ‘Thie confiauration was -
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manufactured and tested andit appeared to be the most satisractorﬁ

of Lhe alternatives considered,

. ~ To racilitate the remainder of the work the parts -of-

Lhe Jacob trap as conceived in this proiect ‘are named

~and qhown,in Fipure 9 1? _ ‘ R
N L ’ "E
U
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The flat sprief was bonsidérnd ﬁq the.most .ultnhle
one for the Jacob trap. and in Section 9- ], we havo'alrendv
dlncusascd Lho nenoral conPipuration of the spring. 'The .
;nbrnximétp ovorallrﬁize or the spring will be doterminvd by
th 1nLvrlnr mochﬂntqm, which 19 alqo desipnod For A si?e .

ranre of the nnimalg. accord1np to the procedure as cxplained
in nvctinn 9-2. Then the pttmum aninp, which 15 close to
the onnr1purntion and can d liver the required 1mpact enerpv,.\
nhoﬁ?ﬁ'ho desirned. Althouph the formulnc concernlnr the |
. various curvod an1nﬂq are well oxnlnincd in the rererepcé""
(3, () and (8) 1t was convonient to derive, ‘here,” the
combined enunt1ono ror the purnose of fo mulatin? a computer
programme for npt1m1.ntion of the. spriqudedinn. _Plrstly,
the nnuntions for }he new sprinn,witq the free end arﬁ,'which
ts ieparded as a-ripld body, will be derlved. Secon.dl!,\g,- the .

. B . . . - 2 .
couations for the sprine from the previous proJect[ ]gill be

cxnlained for reference.. -
M .

108
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'1 Free end arm length (in.)

b ~Base spring length (in.)
H Helght of the spring -

d

R Radius of curvature!of the curved spring (in.)

-; - Angle of cunvature of thelcurved_spring (rad. ) h

Wl Width 6f the 'spring (in.) _

t ' Thickness of the spring materielg(in.)

W _ Width'or the Spring.material (in.)

F L "~ Modulus of elastidity of the material (1bs/sa.in.) N
S " Area moment of inertia of the spring cross-section .

(in.%) : ‘

/A Section modulus of the'cross-section (in.3)

ﬁ Cross- sectional area of the spring (in.2)

”mari T.Maximum interna1|stress (lbs/inz)

8o ?nrge)from the radial line 0B, counter clockwise

 (ra

:

10-2 Desipn Formulae (1) - Curved Spring,With Rizid Free End
’ Arm \ ‘ _ L < .

2 ' Y ' t o
f ’ a
N .

Upon settine the trap one applies g, horizontal force

-at A which varies from Flup to' its maximum value’ F2. However,
r .
to complv with the references[3] [u] [B]and for convenience

. @ force-applied in the opposite direction for the openiqg force
'is used as shown. in Figure 10-2. The energy accummulated An

| ﬁhe snrinc in the rorm of strain energy during the set—up, will

.

'deliver the impact ener?v when 1t 1is- released. oo

. L)
—— e

Let us assume: that the force F. is a function of the

., t

hori?ontal'ggsplacement, vV, of the, point A,

. .
2 : . . * .
. \ ) . .
. . . . . S
. . S ! . s .
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F o= fy) — T . (10 1)

And the train energy storpd in the spring during the horizontal

(H.plncemont v1 to Yo will be:

BN : _ |
ENGY =~ ( F dy o | (10-2)

AS 1

If F 1is a linear runction of ¥, which will be shown Iater

and nuttlnr Py = r(yl),F2 = f(y2) and y2 -y, = DbFM, ga. (10-2)

hccomos

MR, + Ty » N (10-3)

45 not zero in_the'case‘wﬁ?ré‘the spring 1s initialiy

ENGY . =

"
loaded before_settinm ug.thb prapf"Let'us-cdnéide; the left ; .
half of the épri%p, since the boﬁh,sides are éymmetrical.;.The
aninr consists 0’ the curved sprinpg, BC_énd thé.bése spring .
CD (or .the cantilever beam). The displacement of A:ﬁill be
._Lhe resultant-deflecﬁ&on from bofh_of the sﬁb;qns.f The .
‘._onuatiohs rdr the base-snrinp are diécusséﬁ'in Secfion'ld =4,
 1he horizontal force is divided into two components, parallel
with and perpondicular to the Pree end arm: -
’ F_ = Fcosg | . E
: Yy - : : ‘ (10-4)
F, =.Fsing ' o
V‘Nhe-re Bo= ¢ - n/2 S S ‘
-ﬁhe curved sprinp and the freé end arm are shown apain in Fipure
- 10-3 rotated clockwise by (90—8) deprees.jl

.




~y

_:of F, and F, at the point A. The forces F, and F_ can be

: spring, will be,

-

e~ ..

!

Because the free end arm 1s regarded as .a rigid bodv, let

...

us. consider the deflections at the point B, due to the loads

moved to the point B hy addinz the end moment. M = Fy*2 to

.the point B ‘without chanqinglthe condition, 'The bending

*moment'at-anv'point defined by the angle, 6, along the curved

M= -F R sine - F R(1}-cose8) - M :; . - (1075)
The nepative-sipns 1ndicate simplv that the moments cause

tension on the outer fiber of the sorinﬁ. S -

‘o \‘
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- . ) . .
7 Bv Castiprliano's Egﬁbrem,the vertical and horizontaf
deflections at ‘the point B will be: ' S I

¢8

o ) 3
¢
1 M | o .
Xy = g7~ * M3F- Rao . (10-7)

» . x i

o . (/
~ror'sﬁn11-nmounts of'derlectioh;
¥rom the. enuntion (10~ 5)

BM
3}"

Cubstituting Eqs. (10-4) and (10-8) into Ka. (10-6)
- ' . ) ’ - - . ,

b T .
" - 1 - . .‘ . _ _ .'_ . .
Yl ﬁT_J{f. [-EyR'51nB_FxR(1 cos6) Mo]( R sine)Rdo
C 0 > s ' )

IntrodUC1nr,Mo=Fv*z, k=% and rearranging the terms, o -

: ¢ - :
Do B3 . ’ . o )
\3-- gi/fEFy(Ffsin 0) + F, s{ne(l-cose)]de o
, 0 .. .

L]
] .
S * . - &

Intcpratinr-ahd Snbstiiutidn the rélevaht 11m1ts,l
| | o T . |
YV [F‘ (O H¢-. 2‘5‘ sin2¢+k k. COSU
i o (10-9)
+ F ( 75-cos¢+ 25 cos2¢)] | : .

) . . | | . .
Y]=E-ffM§-P—V-BdB . o . (10-6)

M < -Rstne e (10-8)
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.|'|.,.~-nn;-i'.'.mjt.n.l displacement nt. the no‘_i‘m;'li, X‘]. is (.;Im‘nir:u-(l
“threurh the aame pr‘ou\(lurn ’; ‘ ' " .7 ‘ E -
o= ““ (kct- k sin¢-cond+.2% eon AN E ) 
- ' (10-10) -
Fe(lehe=2 sine+. 05 nin?tb)l ‘

‘l'nl pet Lhe ulc\f‘lvntlnnr at the ;dint A, tim :\I.om\. .'-ll,ui,‘h_{_‘ T;Oitlt A

Hlv the d1nn1nc§mcnt should hQ‘knaﬁn., | " | - .

wrom Fa. (10=t), T . _1 | S . . .

. ’ 4 ; - -

atd the #lnhv 4 becomes

aeﬂ-! Mr-——_nm‘ R o R

- l . - /-'
- j"ﬂ' (k$a1n0) + ¥, _(1=corn) Jde
i t : " . . ‘ - ° ) .
) ) \ X . -
There fore _ . . - ) .
4 ‘HZ‘ . ' .- . .o H . . .
8= E (e +F (ke-coner )] €10-11)
- |
L —eed -.—_-xl ) ----x| ~
§ n v

- - [ Y <
e~ ! J A ' \ ‘..v-
o . — — __- A‘d : Yz Dy,l
5 TS =3

CoC o Fig 104 . e
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In Firure 10-4, ‘the displacemeq; AA' has %ome from’the deflection
[ and the additional displncement A'A" is due tec the slope at
the point BT, the anple of which is s. The vertical and

. ' horizontal nrojections of -the displacement A A", Y2,X2 can

e abtalned from tri?nometrﬁ;

. . . T l‘

Y, = tsins o S (1Q-1%)

TS

xg,? 2(1-coss)T ' ',' o (10-18)

"

o N e | |
Therefore, the total vertical and horizontal displacements

D'y Dfx1 will be- -

T S ST
D'xy = Xy = X, ) © (10-15)

- P ). ’
< ! )
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- . =
- - P ,
. . - ‘. . N

]

~ 1B

t

t . . T e . r ’ " '
Now let 8wn o -l'll't‘li Lok 1}',“”' H\-_.".u!ui‘ redieaw the Cpgure

Cwith the diaplacementn - h'yl nnd DY x'.l ‘which npe ]\;'ll‘.'ll 1ol . -
St h ol perpendicualar Lo thy free emd hem nn :llmﬁh In -

. 1 - ) ) . o ‘o
Fipnee Ho=he o The required horlzontal and vertieal dbsplace-

- v ) L4

. |

. I - H
ments: (which are parallel and pervendienlar Lo Lhe bane)
I

“"1’ ""1 can bhe obtnl n€y r"t'nm? the Clpgpure

. - )' s, ¢
: 'y = tan vl * ‘ , . . ,
. . )" = [ . LY .
_ by, | g
‘ < : ) n ' -
now Ro- oy o Where o= - ' Y
'l'lu'l't'f'nr‘t: . . ) oo ’ . \
. . "l ' ..—- h ' ‘
'l\.vt - J I"V‘1 o x'i + Con n o (10=106) |
B P O LLLR 2 S L St PO L o=y
1 1. 1 . _ . :
. .. 1 . » . v !
. . ! ) )
10- 3 1hestern formalan (') ~ Curved soring with s Clexible -
L f'recey eotid nrem ' TN T e e ”'—,‘."_-‘h_." o ' ' -
e . - I 0 ) . ) , * - " uﬁ u.
. Before we come Lo ’Lht‘ bance ':tpt'}-n[.':. letiun conatder
nocurved apring with o Cflexible free end nrm. . -
- - . . - - {
1n l-‘l'p,urf:' 10=0 ,’-t._t_u,'.d.lnplnc('mvm. of the point A to A"
“wlll be the same an dhown In Flgure 10-1.  Bat ‘the ndu'lt.‘lminl_
dlspincement A"A™ occurs due Lo the deflection of the free end
carm AR ftselr, There nrc'l.'.wo wayga ‘Lo calcilate the totnl
dfselncoment. DY . ‘ o . - ‘ '
~dinvlacement. D vy o . - .
e . . '
One way 1a to compute the individual deflectlions
and add Lht‘ni‘_‘:uh.. - ‘
: . . "i‘



-Wﬁv'bthvr method enleuntesn the tntalf&isbrnccmnnt,dirbctly

‘l

.

<

an follows, . : . \ oo e L
. L . . : LT . o

"

|

distanee, X, alonp the free ¢nd ‘arm AR. P

. . . < .
& ’ L . . ’ + t L
The hending "moment at -any point definéd by the

‘l. 4

2

3 1 .V_"' ’ -

<
.
1.
o
t
“
.
e
.
v
v
[

M, = -} x | s . P ; . ’; {10-18)

' -
|

(10-19)

Cand thelbendine moment -at any ‘point defincd by the .arigle o
w o : Ve Lo . ' . oL
aMlone. the curved sbring BC T '

. - ) . < C e A o ! .
. M, --—Fvn(k+sin0) -WxR(l—conq)_
Where ko wCe/R. e e
’l' \ —ﬂ’ -
. . : - ] f
t "
- i I‘ - q

. .

N



A Dlvy- = ET) ‘M3F 9% * gT\ MyF Rao (10=20)
’ . . . . O ) y o A ’ y !
. . * \ N . | ' ' . ' ) . 7 ) 3 ” ‘ .t
' From ‘the eauatlons (10-18) and, (10-19) - - ~ ) o
’ . . v o . . . " 3
" N 3Df!1 ' o . .oy . ) p
LR TR LT (10=-21)
" . § * .
, " ~ - \
. 3M2 , I . - . )
- . ‘37~ = -R{k + sine) R (10-22).
. . oo - : ~ o

»

' . . T o .
Bubstitutinm“Easw (10-21) and (10-22)" into Eq. (10-20) and

N @

- rearranpinr the terms, e : ' ,;,~",', -
o e e S
XTI 2ax + B2 (PrF (kZeak sinsisinle)
oD 31 . Eh dx JoET ;{¢[Fy(kf2k siQ?fsin 8)
L= e Y . .' - . - o , s .
Hellv o o . .m . .
o ff -H_ R F (k k oS8+ sine - sinecose)]de h
Inteyratiny and substitutin? the relevant limits : '..; o
. 7 D'y, = RF (.33k3+k?¢+2k-2k cosé+.5¢-. 2% sin2¢)
r‘ . "’ ¥ .
. o +F (k¢-d sin¢ cos¢+ 25 c052¢+ 750] (10 23)
'The eouation (10—23) s equivalent to the eauatipn (10 1u)‘
in section 10-2., The horizontal deflection will be the same
”aq thg eauation (10—15) if the infinitesimal horizontal
* Proiection ATAM™ is neglec%ed. "“'_ i f'ﬁa;ﬁ :
N ‘ B ¢ . : - .
s Therefore S ' T . . '
o X - X o T (10-24)
v PR sX - X . ome,
. g -
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+ . . . 4

whet e xi'nnd Xq nre dvflnvd 1n Lhe equattonn (lU-IU) and

+

(ro-113), nlwn the uﬂunLinnq (10- lh) and (lU—I{) can be

waed s Y, qthtJLuLlnn Lhe relevant anuvn.

_...,

P D .1rn hntmulwo L3) - ‘The Bane in!Lf

+

S0 far, Lthe point ln-Figuﬁo 10=7 wan connldered - o

nn:n i1 1~-1n vnd;rhut th]n.iu the end potnt of.th canti-

L

Clever beam or the base aping €0,  Therefore, we should conslder

The effeel " of Llu;,,h’:?m- apring on the dianplncement of tLhe
~ T

point A, Let &n ns umc nn 1mnp1ﬂnrv rigid hnr AC In Finurv‘

10-17. lnr th hn"n ﬂprin? the horieonntal rorce F'nchnn at
7 < ’

.lhv.pnInLVA rnuult# in thc éﬁd momoht M =P and the direct

——

tengton Fan GO o make !L Q1mplo, 1t s assumed that the

‘

puint " mover to C' on the aame?’ vertical. line during the s

Cdeflection due to the end moment and the clenpation in &0
! due ta direct force P inqerlipjh'le." ’l‘h(." d.lnpln%\m'rwﬁt. of

the polnt A Lo A" cnn be conaiderod as 1t movod rirqt to n'

N
v Ndue Lo Che rnd nlnpo 0 and Lhon moved to A" by the vortlcnl
. \ K . -
i .\rlvvtion CF' - The end slope%nt C due Le” the end moment:
5. : - i . ) . :
; .
t \\ . Moh - ~ .
\ e e
o EI . (10-24%)
Y = Fulleb N o N
'« ‘FI o o R
. RS - . o . 4- -
- ’ _— - o !
. ¢ ..‘ oo i
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Thereﬁére, the horizontél movement of the point A
| Dy, = COS TMn(o+y) - sinyd (10-26)
aﬁd-from the figure
v o= tan™a ( , o p (10-27)
Kﬁmqtitutinp Ea. (10-27) to Fa. (10-26Y and rearranpinr
L - - .
the - terms: ¢
Dv2 = H sine + Bﬁ\(cose 1) - . (10- 28)

The difference in vertical projection of. AC before and after

-]

the defleption due to the end slope, and the vertical dis-

nlacemeht of point C constituﬁe the vertical movement of A.
\ ’ . ) \ i ¢
From the vertical projection difference

COSYECGS(B-i-y)-cosyJ | " (10-29}
and the vertical deflection of the point\C, '
CFeHcB2 o Y T L
T3ET . 3E§ ‘ . (10-30) .

Addinm Eas. (10~ 29) and (10-30), and substitutinr
Ea. (10~27) for vy

LY

'.*rhiu

2
Dxé = H(cose 1) —BB sine + g%%

'W N . \ ool

10-5=.Tota1 DefiecggoﬁaJ stress and energy

. : r : -
-;" In the previous .three sections, the deflectlion rormulae _
are derived for each case. The total hortzontal derlection '
BEFY (Y-direction as 'defined in Fig. 10=5). will be the addition
of Pns.-(lo-lﬁ) and (10-28), _ ‘
= . L2 (10-32)i
| DEFY Dv1 + Dy2 | . . . 4 .

U

-
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Ml the l\l al veant ll"ll e ll“(“ lnn l)l 1. {X=dlreetton an
def Lineedd tn 1 Prure |0t dowi i be the HAdditfon of Fagn. (To-17) . -

apd llL ith

! .‘ -'1 1‘1".1‘"-‘( - l‘.‘l “ l"x.‘ - . * . ( ln_ { {)
New that we Tiave entab) Iahed the funet tonal |~:-|.-'|1'1|m.-x|'||". .
oo Pa (RO=1Y 0 Lhe nd l"lhl .1‘nr‘t'rv ran hr' computed o,
]
ban. (10=.2) .-md ( lﬂ— U ( FInally the maxbmum ntprenn b { e
ne i wild |Tl‘: . . : ! :
-. . ‘ ' ) 4
’ M I : o ' N
. - ..' . . |_‘ ,
' “mnx. o A : . (To=1h) o
whepe M = W(IIHI' L : S
tah i 4 he mnx Lmuam ‘poan b e mnmi*utr arm to be on Lhe :-.nf‘w
:.itl:lt“ - . ' . . . ‘. ’ . ¢
. -t Avvroximat g cill-‘! o the apring conflpural fon
A i oent .'ll- l l:\h lng the I‘ln;ct ! OIIH‘I I relat lun between f
. i

Il\t' Ilt\l'l sont :\,I rarde. . and 1. Int- ulc*f l l‘(‘f Tona o f the |\t\1 nt ﬁ_.
Co . ! .

ot nnlwl and vvvt!vw] In thurv ln-.. 1t in nnnumvd-LhnL

the dcrlvvtinnw nre cnmnnrntivvlv amall and.they ave funcllons

ot nnlv Lhe qnvllrd rn'rv jHuL'In our cane, th nnnrlrurnLinn
lhv "vrinv chwnpow vonL1nunuw1v dur*nv Lhe nnnl\vwl!nn of’

: |hu rforee, 1hv prnhlrm 1n. cvensworae wlth the spring whlvh -
han n ff'l"t'xihlt‘ froc in‘ arm., ‘ : I B

Inntend of petting into n compliented andlytlienl

__ndlntfun; ﬁﬁnumnricn]_nbbroximntinn moLhnd_wnn_nphl!nd._ In

Pl lﬂ—ﬂ;‘]nt us nnguﬁc'tﬁé‘ortminnl confipuration han
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. This 1s an arbitrarv"as§umntionh but the results were

L]
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Lh; parameters ¢,, R, and &. They will be changed into
b R? and %, for example after a small amount ot.the force
say 1, 2 or 31bs. etcMs applied, for the case of they
énrinr-with the ririd free end arm. Although ﬁﬁe moment
along the curved snrinr varies withthe anrle 0 resulting
in different deflections, it is assumed that the curvature
of the curved Sprine ‘remains uniform ‘and enuale to K plus
the deflection anrle & at the point B, ihat is:
6, =6y ¥ 6 o (10-35)

.

satisfactory for .our purpose. Therefore, from the eauation

]tlﬁl = ¢?P?, the new radius of curvature can be determined by

4 | ,
e, . L T (10-36)

With the new confiruration oP the spring another Porce F

(= ) ) is anplied and the orocedures is repeated until the total

l
horlzontal.deflection reaches the predetermined value. The

' nlrehric addition of the horizontal forces will rive the total

*orce applied and oimilarlv .for the total deflection.

; .

107 Optimization computer programme A ' .

I

The desipn conriruration-and rourh size of the;flat

_ wprinv will be first determined as explalned in Chapter 9

,alon? with the allowable maximum and minimum values of the

""desipn variables. The computer nrorramme finds. the _optimum

Lew ™

i

- spring for the confiruration. That‘is, the spring with



" rest. of the values or.tho 1henuallt

127
‘ f
least welpht for the reauired enerpy.  Of course the interfor
mechanism mav have Lo be adjusted in the course of the .

*

opnt.imleoation,

Tﬁv ntn prnrrﬂmmo rends in the dnLn. .vtw the tnput
pnrnmPLéPS accordihe to the OPTl‘lé thUIl calls the relevant
subroutines, and writpq out thé res ulL.

The nubrnut!no.'URHAL,.cﬁmputnn the welpht of
the sorine, the nhjcctfve Puﬁciion of the nng1m1:nt1nn..f6r
n,nft‘nf the values of the design vnf!n]hon.

Tho.suhroutjno, CONST; comnutosjthvlvnluvs of Lhc

Invdﬁﬁliﬁy-fonntrnintﬁ for the dvs%nnAvn]uun — The cons LrnInL- e
| Ho ].. 18 and 19 nno..for,tho-mnx1mum and minimum restrictions

nf the dghiwﬁiﬁnrihﬁ1qs or thnir;cthiqntjnné._ Cnnntrnﬁnt;

1 to 17 ﬁrb for tﬁo.ronuifed'onorﬁy.‘thv ni]éwnhlé 5

[

and the m1n1mum ronuirod 1n1t1a] defleetion

‘e . 4

chnﬂtrwintﬂ 13;-]} and 20 came from the

orce, * The
:ﬁnﬁnh cnntipufationh ’
The quhroutino CON W hag n'byp

5% to save some

values does not satisfy

' . v

comput er tfmo. Tf’n'set of pho‘dchin'
the rirstjlﬂ constraints, penalty  vglues are pivon to the
conatnnint equationu.

;
The quhrout1ne INRPY carr1oq out all the calcu]ntion"
fop the "nrinp accnrdinp Ln the onuntian° and tho method
uﬁn:oxp]n1nnd.1n the prov;ous sccetions or.thg chantor_exccpt
feetlon ﬂﬁf3;. The same notat{ohé or the names. of the
ot at1ons ﬁre used in moﬁt‘casqs ir 1t isﬁpossiblé;i
.. o : ‘ T |

|
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.*' ’ /
If the materlal of the ontimum solution is not a

readily available commercial size, the prorramme can be run . .

u

arain puttine the desipgn variable .into 'two inequality
" constraints, that 15

< X

1 min.-: < X

X 1 2™ max. .. _ ' o ‘ i

where X, min."= x1max.

'.f

.The trim nrorramme 13 also set up for the cases when Lthe
desirner wants to adjust the ontimum result or check the
.nerrormnnce_of a manufactured sprine. Both proprammes are
'.listed in éhe aﬁpendices E_pﬁd F.

‘ The pptimization'stnateéles'arg‘ﬁell explained”

in the reference (5). . - L ' B \

10-8 The desipn'results_

Flat;snrinps were GESigned foffthe Jacob'traps
I and III.and Jacob tran I was split 1nto Pour detailed_

deqinn as shown in Table 10-1. _u



FABLE 10-1:

“Pour models of Jacob trap I
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Spring - Spring ~ Interior Max, target
Design Configuration Mechansiam enerpyv(in-1b:
A Fig. 9-1(e) ,me. 9-7 350
A Flg. 9-1(a) - | Fig. 9-7 - 350
P - T '
B -Fig. 9-1(e) Fig. 9-6 - 300
. B Fig. 9-1(qd) FigJ 9-6 300

-

The maximum energy levels almed at were 350 1n-1bs;'

: ﬁor the'Jacob-trap"I and BOO'inles}.for'the Jacob trap. III.

- But it was found later that the practichl attainable maximum

\

: yeanrv for the ‘Jacob trap I (desipn B) was 300 1n-lbs The

optimum and tfimmed desipn resuls are shown in Table 10—2

" and the computer .results in Fig. 10-9 to }0-11.




J\ TABLE 10-21
' ¥

Thé-ﬂesipn Results for the Jacch trans

130

— T . T T — -
o ‘ Jacob T (A). ., Jacob I (B) Jacob III
Ir ' — ~——
Jort imun Trim  [Opttmum | Trim | .Optimum Trim
ciness. of the L1090 F L1090 .1000 .1000 17200 L1720
el tin. ) _ - : -~
ot the material - pa818) 2.2500 | 1.9700)  2.0000 |  2.2180 2.3000
. ey - . o
end Arm lenrth 5.2183  .:5.2500 | h.6498 | w.6250 | 12.4750] 12.5000"
ety (1ne) 094 L4375 LH130 .3438 1 1.2091) 1.1875
s ofcurvature 1.9000-f- 1.8750 | . 1:9000 | 1:9375 | 2.3376] .2.37%0
o 07 eurvature . 1.9200']  1.9200 ‘ﬂ'i,gaoo; 0 1.9809 | 1.8238] 1.8326
h!!wwﬂthtnl ‘.3;5282 .53&& ‘"-'3631H - .6609 . .5879 .6912
aetion (in.) : S = T B
te 3 a) onmndoe t—_ll ' . : ‘\ . ’ ) E
i ten (moy RS 2:.50 | 2.50 2.50 2.50 5.00 5.00Q
eation . ST . L
antal force at ) § . T . C
1 geflection (1bs,p 25.00 . | 22.00 25.00 22.00 20.00 | 18.00
antal Torce At IS S . 95.00 .00 iuoiod( 145.00
. . R . , f . : i ) " ‘-
gy b 37098 | 39.22 30.34 3069 25.05 | 25.u8.
. . f . ¥ i : C ‘ oo - ' -
e\ Bhe b 189,991 f190,789  {189,984. [191,us5H 189,993 {130,558
”Ttonorrv‘SLo;ed - ' .60 297.50 - BO0.0b'. 315.00
woarrdine (in-1bs., ) 359°00' 3?2.59_z 300 975 ) - P "
2imite welpht of o ] . 86- 2.‘8"{ 2.95
- - . 098 1'001 : ‘79 * . -
srrine (1bs,) ‘ . o . ' .
: 3 S
r - . I,
L < T IGHT
[3rmR NG




S

PIGURE . 10-9;

sprinm of the

5

Optimization computer re¢sult of
Jacob trap I (desipn 'A) SEEK 1

171

the flat'

=

1 1070474 HOEASTTO < SEIWRE 3.4 AT L3us 2. 09,3
1R 1h. L2 4VNT OV . | HYST OV
19.16,02.12 (3301230 WARDS - F INP
14.1u.g§.4vur, a0, FILA IN UT.» D5 00
"ull‘l L '
%a.tu.as.arrnnu,onrfsqp. I Y{ Js
TR, 1H.HL,0FY TS ’ :
13.162 53,107 15¢p
1%.4‘{.[.‘3.“;: CYCLC N'). = 003
ISOIQIG{OFT"IU 5 o . ’
19.16.,13, 2=453 CO" STRONNS CONPILATION TrnE
18,16, 11,LN3CT,(Tq293T13cn ., OFPILATION TIne .
18.1"-1;-'.50- n” Co . - .
A%.14 .16, NON=-FATAL R Tpop> - ©r : - -
LA 10 Ny LOADR 0>S - S<E mpp .
18,14 .41 202107 P SCCONNS TXEGUTIAN TrYF
13.16.43.7% GOC04992 wn38S S FTLF h0To0T f D6 49 x
- 13.1"1""’1“ 3110?3q (;Fr:- ) T
18.16.,43,00 90q. 350 drg'- | /
19,14,62,70 £12.02% SE. '
TR £ 1Y 097 463 4S/5q2 -
18,14, 43,000 BA2 4 R7NHS/51 3 i
18,16, 43.5M7J07 11/33,74, - —
. # ‘ . ) . . ‘ ,. s
vER R R ER NNy HYNTIVL /777 SND QF LEST 2777
rErrEIRRvRS HVNTLVY 7277 €33 OF LIST 7777 )
> : e, : 3 -
RINPYT | o 1
. ) ) . R— N ] |‘
XIMAX = 0.109%¢00, | v . o
RN . - \“—._,/ . ) . -
X?Hﬂx = '002"-!’!.‘:"01’-. L. ) . o
X3MAX = 0.654d1, o | S
. o . 4 . . . ’ .' .t "
X‘GPAX = D.ng’UI, ’ - . A
XSEAX = 0.29+01, ' ) | '
L}
X6NAX = B.2E+01,
DEFM . = 0025"."61!
£ = 0.35s08, | . o,
HMAX = .0.725E+01, T S ’
HMAX = 0.55#01, ,.
STH = ' 0.19€¢05, , |
ELON | = .35F¢03, o ‘ SR : R
. SPHY =’ g.28uE+d0, ' )
- FINIT .= §.1+02, A T
THE = 0.1875F491, . '
£FND : N - o
i . . T




-

T0+300000002°

T0+200060602°

"t

oot

.N.
0

TO0=-360000007T°

007

T0-3000006071°

.

ce

- -

.rm

panugauo)

.

F

0C+3000CO6CS"
Co(Irawisxe

a

Y

1] ] It now, n | LIS n It

FEEA

(LINIWY

- T04300000051°

ALV XYHY
1S31N
10HSN
SAVEN
9

WX %
q-

ShOCN

v .

NS L

VIVCI
IhIedl

"muoﬂJWQDons

0

T5+50000

2 & ®

ﬁo¢moanoconm.

?

* e . [ ]

ZQHWuhHOL uozuuwu>zcc wq 0zsn 70»&940&

AR

e Duhhmr dZa S3AUK 30 &hmzﬁz znlhqu
32IS a3ls nq 0xsn z9NVe 40 NOILOTYS

mththmzct (*39%) >hHJ<DCU7H

* * 537uvIYA 4N3GLI03GNI

30 Wma NN
30 duuLDz

Y

00sS IC+500000082" \.mmﬂ mmmmm mmu>

e e e e e s e (13X J0 SINIVA ONILEVIS.
C 5 .

e ” g PR
" (1)x 40 SuNVE MO ny:om ¥3KCT CSLVyILS3

To+320030052" mwﬂmmmmmmmmm”
*(I)X 30 35KV: NO ONADE ¥3daN GILVHILS3I
HJ2V3S NNSLOHS NI SINICd 1531 40 G3uMAN
. enupwuxwma S3HO¥V3IS NNSLICHS 30 oHaKAN
* Ottt CSINIVEISNGS ALITINLI AL e3uwAN
3.1 d3iS

= ARG ﬁfqhqu €03 1IN0 G31Klad SI Yivo 1NdNI".
prvthmaH >nu>m »:op:o ubquemxm INI

" *30A0

- P

CIIVZIANIloU Hh3 unm 13J3eI0

o : LY

[

R 1



r - >
{ ST
- E . s - P
. FIGURE. 16-9;: Continued " o 133
| _ oprrwuw snLUTION FOUND L
0® MINIMUM .y = .3&11:7?1r+u£
. XC 1)Y= " 110992293 sgp -
X(:2) = SR BRI W |
( 3) = 2521929121401
X( 4) = HOANT AR A, -
XU 5) = 197330007401, L
. T, X( 6)' = 132337000 ¢5 4
utnunL rv vovsrnnrurs ‘f i S
r L PHIT 1) = (13322675514 -+ "
PHI( 2) = « 319554670809 '
PHT(, 3} = 731718757 g .
SHTC &) = 11)371596q91m1 R :
' . PHT(, §) = LL0d0003% 50 » : -
. PHI(- /) = - ,a33J19g37-A1
PHY( 7) = ~,13%2367250a14,
PHT( 1) = ,21a1nhn63 ery
- PHI( ) = ¢SP182R125 44 ¢ -
- OHTC1)) = N9 H1476% 8 .,
CPRI(11) = 19T A0 S
PHT(X2) = 1192003337401 .
0 PHT(YI) = 2104579033233 . o )
. PHT(10)_ = (439387357400 .
: : PHTT16)Y = 3, ! e '
; PHTOTA) "= 2 7 (qa33t9nQFen g
PUTC17) = 16000393 s> —
, PUT (18) = 203418597420 —
. PHI(17) 1= L, IR117187 400
PHI(2)) = ¢ 13564853 wi g
) - . * j 1" v N 13 . h -

1 T aew

THICKNESS . OF THV "PQING (IN.)

_HIDT! OF THE. ’”QING (IN-Y

MAXTIUN: ERERGY

FOEF FND A“N LCNGTH AIN.)

RASE ltuarn (IM ) . .'. J
'Dnnru

OF PU’VATU?F {IN-)
ANGLE OF fUPUATUQt (’QD.!

c_\,_ ., =v

INTTIAL unqrﬁnuTnL anLFcrrqn {IH.) .
FOPGE AT IHITINL ATFLFCTION (L1S) =

e

.
L)
.
.
-

1

.

s’ . Jr’- .

1t

M Y T R A
o

MORT7,
HORI?Z, FOPCT AT FULL OFFLEGTION (LBS) . =
SPRING CONSTANT (LASZING - o

STRESS [N SORING (LAS/SN.IN) -

‘G-I,

(IN -qu) ‘l."-:'

*

LI T Y Y

'.1oaaubeoom

9131Q"E%011:
..svtszss;ay,f
520 UE 30

+193060¢+01
.1920005+ 91’

".5231d3”+ad
r.253000Ft02

.ll‘QOOF*J$
+37I764E 402"

~183991F ¢ 06
+35)000F+03.

[




n' ’ P . . . ' . lgu

\

‘FIGURE 10-10: Optiﬁization comﬁuﬁer result of the f]
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11. ROUND WIRE COIL SPRING DESIGN . B _ ‘

’

The round wire coil'eprinm provides an alternative to
the rlat_sprin# in'en attempt to fncrea?e the underwater perform-
‘fance of the .Jacob. tran. The heiical‘tofsion spring frame was
desipned and,ménuractured‘for the Jacob trap III.
¥ . , : . | . [

-y

._11_]7 Definition of the rarameters

Thrdurhout‘this ehapﬁef, the fgllowinp.deanitions

and notations of the parameters will be used(see Firure 11~ 1)
T

d. " Wire diameter - (in )
D i 'Mean coll diemeter (1n¢f .
h | ﬁdmher of e6il & | ( ‘i "

| v | -Free end arm length (in. )

o OB | Initial and final deflection (torslon) anple (rad.)

K " Modulus of elasticity of the material (lbs/so in.)

DEFM® Chord of the additional deﬁlection anple with the free‘
: . end arm lenpth as. a radius (in. )

H . Heipht of the spring (1n )

H .~ Base lenith of the snring (1n ) _
P Tangential force at the end of the free end arm (1bs. )_
I L ‘: P at the 1nitial derleetion (lbs ) - f_i " : x'i -
?; o B T o -
7 1-2 Stﬁaih energyv and stress ° S ' .
: - T . - ‘ : e
" \ - In settinp up the eouations, it 1s assumed th ﬂ the .
-+ hase of the%srrinp frame 1s a_rigid'bar. It is 1ntended to
N | 140 ) Al




b3
) L)
. After the interior mechanism '
I::;;Nlo.n.::h'en the instalied {initial compression _
position)

Before the interior
. mechanism instalied

TR
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clamp a moﬁnting rlate to the bése- This makes ﬁhe left

{or nirht)'qf ﬁhe frame.identica1 t6 the Conibear'grap_

sprinr except for one free.end arm instead of two. Tgererore,
.the same formulae as discusqed in Seétion 2;2 éan.be.used

‘with suitable modification. A

&

Equation (2-3) becomes

64 P12 N
¢, = 3 (11-1)
a 3 bwd" . ‘
conqidorinp only one free end arm. Combining equations
“(2-1) and (11-1), the total deflectlion anrlc.¢2 wiyi be:
¢, = 6.t b, . - '
SR o s (11-2)
“,9533 (Dens 22~ " : S
Eq" ‘ T g

Notinr that M=P% 1s a torsional moment and rearranpinp the

o

equation {11-2)

Ed“¢ . . :
v Z L ' : L (11-3)
. GH(D n + ——) ‘ : N
. And the eﬁergy equation becomgs:' T ' S N [
L EAY L 4,2 - g2 | .
. UE —— -2 L x2- S (1)
6“(D.n + .-g-;): I‘ | 2 . ’ . N
for both §1aes of fhe'spning. The maximum bending, stress
omax,'occurs at the. inside surface of the coil and is the’

same as equation (2-8) that 15: |
- - 32M | T
. a = K . .
- ma;. ) l“d3 . . o '
_ le4-c-1_ ' - N
where Ky Se(e-m

¢ = D/d’

U (11-5).
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11-3 Optimizatlon computer progsramme and desipgn reaulfs' o ’

N . pE—
, : . . ey . N

The computer programme is set up in almqet the same
way as for the Coribear érap sprinp as exnlained in Section 3- 2.
The eauatlons 1n the subroutines UREAL and ENRGY are. altered
* ror the-Jacob tran, some of them as‘exnlained in the previous.
section. Also, the trim nro?ramme is provided to adJust the K
ontimum result if it is required. Subroutjnes SEEK 1 and _ s
SIMPLX. from the'OPTISEpCT] pabkaze are utilized. The prosrammes
are. 1isted, in the apnendices G and H. As in the case of the |
flat sorinm, the 1nout parameters are’ decided from a. preliminary
"Investifation of the interior nechanism. The springs for the<
Jacoh trans I1L and I onlv were desipned and-listed int Tablel1l-1
The optimum result of the Jacob tran I 15 trimmed in two ways’
one,fer a commercial size of wire larzer than the opt;mum and | ST

the other for a smaller,commercial size.. Thé computer results

are shown on Fligure ll-2,tq 11-3. . - g
. . T .




A

TABLE 11-1:

Desipn results of the Jacob trap with

1uu

A the circular wlre spring.
Jacob 111 Jacob I ~
"sekk 1 | sTMPLx | TRIM SEEK 1| SIMPLX | TRIM(A) TRIM(B)
woatn, (b u37s | oonsen | oLaars | L3286 | 320 | 3170 | 3030
wmoeotl dia Lo gy | 2.8018 2.7500 |1.9803 |2.2093 2.1250 ]2.0000.,
u ) . ' | g
_of turns 2.8h08 Jo.7202 | 2.9194 | 2.9769 !3.0383 -] 2.9083 }2.9431
et oo I :
ee end -'”";‘ 11.600 |12.2238 | 12.5000.] 5.6495 5.5255 6.0000 }6.0000
reth (in.) © N : - ‘ R o : :
,H{ﬁldv”) _3000 .3068' ,3316 .2431 :.3527 L4363 .2182
PR (v ad , C o .
e 1p*t1"ﬁ ug.u3. | wr.84 | u8.70 3¢.31 | 4198 | w7.38 | 36.17
fopibhn “ . i
mear zn 0 139,668 189,947 { 186,007 189,999 |187,763 | 210,037{183,615
vine {rs, o . - : ‘ . :
nerey o - : - S ' : o )
tLo;unitho 839.6 | 805.4- | 788.0 350.1 ' [352.7 353.5 3574
niyen (1!!-‘]‘)5) s . ’ A ' o . ,
eteht (1bs.) 3.'50.,‘- 3.4 '3.61 1.23 - [1.33 1.21 Q1.4
; ' ) o
- [3 Pud f




1

Ontimization computer result of the

snrine of the Jacob trap III - SEEK ]

FIGURE 11- 2(a):
circy]ar wire
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|  FIGURE 11‘-12(a'): A-.Conti_nugd- 147

e
OPTIMUM SOLUTION rounp |
MINIHUM U = .34988449g4p L
XC1) = L437sggaagege TS T
i XC 2) = .27674375F+01
. XC 3) = [28497574F+g1
i XC4) = [11660000F403
XC5). = .30000000E+00
rnguunerv consranrnrs —~_-~—if4e~l~m~uf>~4--um-,--——_-*-__-ﬁhr_;-
CPHIC 1) =" [625000006-01 s ’
PHIC 2) = | ,33256250F+00 -
PHIC 3) =7 [25024219¢4g0
- PHEC. L) = 184000006401 -
N "PHIC S) = - [300030G0F+00
PHIC 6) =« .43750000F+0g -
: . PHIC 7V, = 7 [27674375F404
e TPHIC- 8) = L 28%97578F4+01 L r——— -
PHIC 9) = * T11660000F+03 -
PHI(10)'=  ;30000000E+00
. PHICL1) = . 396367676402
i PHI(12) = ' [22427895F401
PHIC13) = ,28429016E403
. PHIQIW) =, 437187506-01 S ;
E UI[E?¥“b6N§?EAINTs - | ' B
. PSTC 1). = @u1au?4111£-12 J v
‘e o' . . N “l" " ) ‘, .
FORCE AT INITIAL DEFLECTION(LBS) e se e 27 L4B4290E402
' STRESS IN SPRING - (LBS/SA. IN. R R r;.—,—=}—>~@4q99935+u&:~ -—
HEXIMUM ENERGY (NSt L L, s +839637E403 -
WIRE DYAMETER (IN.) . . , , DRI <4375, |
. MEAN COIL ﬁIAHETER (INo) 340 o oe v o, = 2 7@{9ﬁ_ |
.~ -NUMBER OF TURNS oOF COIL c e e e e <« = . 2,8498
FREE END ARM LENGTH (ING) “.a o s * + s s = 11,5600 :
..« INITIAL DEFLEGTION ANLGE (RED:) . . . 4 = i3000
o e : ~f ——s 5
Rl ) : ' *
\ ) . ’ -
[ 4 ." .
‘' Te— . "'c’ -" . % L :"..A.." .' . .'.
‘L o 'J,k/ | \
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.2 ' . ’ . . v . '
"PIGYRE. 11X 2(b):  Optimtzation computer result of the . .

’

.

-~

T T T S e e e e .. ——e g el o Ll - - .:- b= e
112729773 MCHASTER - SCoPE 3. L3hm " 1171tr e
12,564 54, [ER = SCOPE.3.4 AT L34a " 11714773
15:28:20 0 08 009s0 WORD$ S | HVNT02a
. . . . 0 S - F e L4
12150 8L IHUNT, TR, 03 T FILE INPUT® , OC 00 ;
' . e Dlbe . v e . o g e “Ye A
12.56.54s ATTACH, OPT ISEP. o YI'Y. e ,
12-56-5'0’.‘)"-“ rS . 1.;‘ . \ . )
.12."’6.5‘#.0PTISEP . T B N v L, -
12.56.54.PF GCYCLE NO. = 002, R ‘
%g- E‘?.EQ.FT’N‘ 1 "!78 rp. SEL w2 » ceg v
57,01, . P SEGONDS COMPILA Sl
12:57.04 - RDSET,L19=0PT8cp, . COMPILATION TIME
12.,67.01.L60. - g oL CIDA
12.57.10.0° 00006080 WORDS - FILE QUTPUT
{2.57.10.GCP - 008,460 SEC- -",;_: -u " Dc ‘.n
12.57.‘10.})" ’ 00‘.500 SEG .. - a* . ” )
1257 10,10 002.635 SEC. é
12.57.10.10M 094,170 HS/512 -- S S Y P S
4P 57 1046GPM 202,518 WS/512 . )
12.57.10,ENDJOB 12728773 "~ - T L , Y
e 9 . : " - ) ) " ~ .-h'- § . .
cResEENEE R - HUNT028 //7/ END OF LISY 7777 :
EERREERERY HVNT028 , //77 END OF LIST /777

SINPUT = LT e sy e T
XIMAX =" 0.5€400, - . s

XZMAX . = 0.31E#0Y,- -~ R
XINAX =" 0.31E¥01g, © . - N S .
X4MAX = '0.135-&:];::’ T T L Do »
XSMAX = 00SEe00, - .- . e el

DEFM -~ =~ 0 5E+DLy——-—-—it . S
E 0.3E408, o e .
STW  0.19E+06, o PN "”: A
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FIGURE 11-12(b):
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Continued
OPTINUM SOLUTION FOUND

FIGURE 11-3(a):
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Continued

" FIGURE 11-3(b):
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‘environment., (air, water or ice).

121 Jacob trap prototvpes

17, JACOB TRAP EVALUATION
?-r -
Tt hao been mentioned - earlier in Chapter b that the
nttunl available Kinetic enerrv can only be determined by test.

The onermy-losses in the casc_of the Jacob trap are

‘malnly due to: -

(a) The friction between the parts of the mechanism.

(b} The friction of the moving parts with the

*

B (c)v The Kinetic ‘energy consumed by the stirrup,

L

Lhn rrad]e and the trigrer bar.
In thie chapter. the horizontal forces at the end of
thn free end arms,clamping forces and both the theoretical

and actual Kinetic: energv were obtained and compared at various
! 1

an oncninvq. A new. method 1s developed and programmed for the"

analysis of the high sneed film readings to obtain the kinetic

enerey output of the Jacob trap.

( | . . - . "

i -
: - . : /
S . Four prototypes¥were actually fabricated,the three

ﬁifferent*modelsjof Jacob trap I and one Jacob trap III‘ae

shown in Figures 12-1 to 12-4, The actual conriruration of

the qprinre for the Jacob trap I models as fabricated turned

out to be slirhtly different rrom the desipns as in Table 10-2.
The manufactured sprinw and trap specifications are listed

ln-Tables 12-1. The method of obtaining the dimensions, Shown

1?1.
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~rurther testing wés éarried out on the Jacob trap IIT proto-

ﬂnwchnn1°m whon the trap was closed

, / b T 162
“{if the taple,of thé‘imqqinary s)1lder crank mechanism s
. C

1qpln1nnd.1nter in this chanter. Also the Specificﬁtions

CTor the.anrinrs which were manufactured for the previouﬁ

(2]

proleet™ " are'shown_in_?éhle 12-2 for the reference, No
1 " . - L

”

- |
'|vpv the %hrinr of which was made out of circular w1re,

lmcnu,o th motion of the two free end arms were not on the

same plane and unqtable, resuluinv in ?wiqtinp of ch 1nterior

»
e Y

v .-......_,__,___ e : . ..I . . . e q

L 1

i e spring miterial 1s SAE and AISI #107%, 1In this size

opanpe, fho material has beenm heat treatoy to produce a tenslle

-.a\'

strenpth of 238,000 to ?90 000 psi nnd a hardne5q between Rc Wi
cand Re ha,

v hor thicker %prinvs, 1t 10 necessary to’ use h MOro éxpensive !
matertal such as ChromiumzVandium alloy steel, SAK #bl 0 or.
TMnrnnnqe-uilicon allov ut&@l‘ HAF #92‘" I \

“ The ahbove data were obtained fvom the Barnes-U1111cn Co‘ LLd.,
amilton, Ontario. . oot : .

S Using the ]owpr ‘value of 238, 000 psi tensile%strenpth the ;3
“allowable qtresq 100 000 psi will rive a factor of safety [9]

”lof 1.724,

#

Coa - . » | e ' T o ¢
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'1-‘A|*|-1‘,-, l‘li‘fll.‘-‘ Speetfteatlons for the Jneob lrnP [ pr*nLnLvln- -
_ e h A L : .
' o 'Modél ,
. “ ) o ' - )
o : 1 Al A2 B2
Spnuiricntion‘_ ; |
. ] .
Thicknesa of the sprinp ! . ,
: L1090 .
mnt.vrl'tl (in.) . 1ot 1000 <000
Width of the soring material (in.)} LN RTINS B ST T} T oL 300

Lenpth of the free end afm.(in.)' ng“iTH Hah2h0 u,UBYH.
' ¢ H * .'/"J . . . ! . ' ’ *
Length of the base spring (in.) wh313 } CV%QO - Lhal
R’uliu" (;f' CLI.T'VRtL.lT"e of the curved’ ] .'('5()() l 1.6750 l.r'f'_‘)“U
spring (1n.) .- , _ ! : _ ;
hn;'l(; nf‘ the cur'vatur'e of the 139199 1.9286 1.8937
curved spring (in.) o -1
Inttial horizontal deflection . & 6217 | 63y ol
(1n ) ! ‘ N S v
. " } i ‘ * .
mhnrionnl horizontal deflection 2 500 2.500 +H00
(in (‘ _ : : . ' 4 - )
7T AT e - ) - - .

“Hortzontal  force at tnitial O N 00 50.00 | 1%.00
dvf]ection=(1bs ) . i v on- B 17{ :

- Hnri‘ontal force at fuld 11%.00 S 906.00 [111.00

_-dof]cction (lb“. o . : 2 I
) S

N o *‘- A TR e . .

Spring: constant (lbs. per in. of 37.48 }  30.62 37.98
“horizontal . def. Y , PR | ' -

I . . - ) . ‘. ‘ j | ..-".l 'br‘ . .. ‘ - 'l R . .. . 3 ! ;.. B
L -| Max.. stress (lbs./inzj‘*‘. 20?,355_ 181,983 J19*,1?9_,
A WA e vrewrr ": e e MR ' 1 - e

Max. straln ehergy Stored (in-lbs)] 357.50 f 290.00 .3 320.00

: ) ' . 400 ] ' i
: "Weight ‘of the spripg-(lbs.) . . . 95381 wosur § B8y
!; . i . “

[ .
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PABLE b

Dpee 71 1717( hitonn of

£ S ddmt 2

Lhe dneob Lrap proLolypes
(mnnufnrturnd for t.he provlnu« project| ?])

B ™~
Sl ] ' . ) L
Mot Jacob tran T . Jacob trap IT Jacob Lrap 111
rjvuww!uuu nn-irn Mfp'd Desipn | Mfp'd . Desipmn Mfp'd
teppesz 0 Lhe 0078 [ Lo068 . 25 ng!
hlvr'ttn'inl(in) : ! - 60 ..]00(?. -1000 2L0 12th
JHHNQET“ )””‘“‘ 1.5000 | "1.5000 1.75007 1 1.7500 2.0000 ), 02 3h
tert 1. . -
.-.-:n_c[,1 Llu)‘ free 1o goon sl'gj?s 7.7500 7.1875 . | 10.3000 | 10.062%
foarm n : “ . . . _
'”'?:‘Q' ase 2000 | L1563 b500 1063 .. 5000 .328]
wl e }
A ™
et curvature : : : o .
the curved o PM ne 1. 00"00 1.125%0 .1.22000 1i312% 1.7%00 2.0000
' \ - ) -. . . ".
-l Qf: the curva- - _ - .
m.Iu o the © urved - 1 . 7800 1 .710“ 1-7800 ‘.1.7"35‘ 1 .7800“ 1 - {(JPB
p'“r t‘n 'l .‘ . * . . -
.‘111 1lc1lt‘iinn 0 0 0' , , 0 ¢ 0 | 0
.I . T V””-Vl---—_ . . ‘ N . ) ’l - "
”121;11\)41 flec- 3.5000 3.5000 17% 1750 6.5000 6.5000
o n R . ‘ . . . ‘ ]
ree 'HMMH'\]\\ : - ' 0 0 0 0
leetion lh ) ‘ 0. 0 ‘ ) B .
wapon! “ull : ."—3;00 31.00. 53_0.0 161,00 76.00 79-00‘
”l“;‘!‘*.nn ( 1bal) ) i ) 7 . o
.E"Cd?ﬁ““””“  3,000 8.857.) | 12.69 1461 [11.69 k 12.15
?E;,_?,':,ii'{“"- 165,950 | 176,288 | 162,937 178,120 §176,138 176,890,
” uTTHZQnurﬁ Clbs)nd.on G0 Le21.p8 | enu.es e paguibo | 513.50
eneryy (in-1lbs )lﬁ.()1_— _103 50 Lel.at ,:i . ) H_______.__—-
,«r, I . . . ) ' - .
‘M‘n\ n’f' m‘inr' ©oaohhgy | LhiIse ) cl.o27W '-'9823". . 19760 .2+0233 ;
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, - The flat springs manufactuped for the project and from

1o Speing test

(e rprevious profect were tosted,tn;compnrn the results with the

cealynlnted data. It is also .a way to confirm the desipgn equatlons

-

ethodn an explained in Chanter 10, Thcv were reasonably

as shown n the fol]nwinp Tnhlcw 1;-{ to ] ¢ qndp1ruppn 1:0=4 tn;
1t 1

and

clone

1=, The fairly 1nrr0 dcvintion hptwoon thv i al and thv

ﬁﬂlnwinr lo"t 1n Lhc cnqo of the prbtotvpo A (Tnhlo l?—3 and

(ER LI A H) wnv becnhuse the spring was overqtro“qu~ﬂcc1dvntnllv

e s

urfnr the inltial test.

Pnrfthe sprinrs from the previnuq 5ro1vnt wharo Lho

Frwv end arm 1o dorloctnbln thn test values deviato from thf

c1lvulnLod dnta._and -the deviation incrowqcﬂ_w1th the amonnt of ;- ) Y
thn hnr1’nntal def]ectdon. Th1 13 becaus 0 Lho oquntions used _I e

“are tineakr nnproximat1ons to the non-linear rclation between . Lhc,.

"npvlivgﬁgoroe and tho horizontql dcf]ection h_l}he end of the

.

Sree end arme ' .

"-Q Tho theoret1cmi values are Prnm 6hn'r95u1t-of the

Ccomputer prnrrnmmo in Agpdndix F.
o 2 . ' ‘\- . . ! */
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Tent dntn of the apring for th'Jncob Lrnﬁ I-

PAPLY P-4
rrototype A)

T y Sy
”ﬂ“??“‘ Horizontal forces at_the end of the free end arm {(lbs) -
n _ . : o . .
Peflec— . , \) i .
tion = 0 = A
(Inds ' F . Test data . . ' '
I -Inftinl i‘ o B Theore--
\ ' . ~ " . tical
: Teat 53 e
| } 1 2 . ] 73 JAverage alues

)_,w RIS 12.5. | 10,6 ) 1043 .13 | ey

e b 360 28 | proao ) e |oerae | s
- B
1.'.-' 538§ s 81 mule 3.8 S T IRV Y
— .. S .. ” , ‘ _. R B B
\ » { . . " . ‘ . -~ .
y T F S b X ' b TR E
SCRINENE o IR AT B 6h.o 66 | o620 6293 ER
e
e b a0l 41,80 93,8
AN On.nﬁ (180 J ]
L J o 106.,5 100,73 .1 112.9
i - o
. ' . | .' /{; .
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' Horizontal deflection, in. - .~ % L

wionng- l."-iy: ' 'Hnri':’.r.w'ﬂ.nl rfaree - gir‘r.lc-:'tf‘lbn' cllm-.q"::uﬂ_ o
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PARLE 10=h2 Tnnt dat.n of thv nnrinr for thn Jacob trnp 1
- = prototype A2 .

f

WT1?”"“. ' Horizontal forces At the end of the free end arm (1lbs)
a , .- . R e ;

Deflec— : . . ) ,
tion l ma—

(1“) J c ' - - '.re ’ x ' .
] Initial P : s L Theore
] Test Y ‘ tic :

. n ~ |
1 - -+ 2 L 3 - [|Average '“”QIQE? |

0, ol E 19 .| 18.6 18.0 F - 18.% 1 19.?

N v 1 33.2 33 S32.0\ 32.9 ET

DU SRR B ) A wp .2 CYRS RS T IR

ra s s b e o6 ) 6000 ] 6ps | ewio.

o sese ) s Uuse | 7sie | o163 ) 190

ER T IR 6.6 | 92,00 | 92.0 } 92.2 | 9no0

()
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P\GURE 17-6: Herizontal foree - deflectidn

‘of the flat sprine for the Jacob trav I - Pr«
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17-5. Test data for the

- TABLE _
. - prototype B2’

St ¥
L}

v 4

W

sprlﬁm for the Jacob tra

171
p I

llord zon- Horizontal forces at the end of the free end arm (lbs)
- tal . - ~
Peflec— S . .
tioh - pemtessmon—
(in) ; - Test data ¢ '
: Initial - : Thggzg-l-
Test ‘
: 1 3 Average | Values
0.y} 26 16.6 | 16.6 16.8 | 16.7 16.7
' TFEI - o
0.4 TN 36.4 | 3579 ] 30.4 35.6 35.2°
» o . o | |
1.h (1ol . 53.k B 53.9 53.9 . 53.7 53.6
1 | . | oo
1.0 7907 2.8} 72,0 ]| 729 72.4 72,4
- el
' -#—?- )
moh 98.4 g0 94,0 19Ul 1 9.1 " 91.2
e o 2. . ,—-“/ . 1 - o .
o '
~ — B
) % - o | . .
.0 113.6 ‘3.0 a3ce |-113.90 f113.5 o} 110.3
a . .j '
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200

Horizontq‘l force, Ibs.

. 100 .

00 - L0 . 20 - 30 . 40 50 .
' orizontal deflectlon in. '

wiGHRE A Hnr‘l"nnt 1] foarce = de”lectton anr—r'm .
af the Tlat spripe for the dacoty tran | - Pratotvre W7
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PAnE 10=6: Test data of” the sprineg for the Jacob Lrap | Co-
' r - Manufactured for the previous prafect [2]..

G .-
.'. ! -
b L
}mzi?onl Horizontal forces at the end of the free end arm (1bs) |
a (o o . L A .
peflec- | : . - o
tion - — " M p—

- (n) * . . Test data . ' . - .
Tnitial _ . |Theore-
Test - NE o — - tlecal

'_;i ‘ 1 L2 3 ° _|Average - Values

th
LRT 137 3.6 4] ozes o omai
t -
R % - .
) ' . @ i
S na 8.5 8.4 8.5 T8y .
o i R 1

TR B 13.8 © | a3.8 ¢ 13.60 | 36

les.60. | 22.2 © L

A




°'I‘!\I\[.h‘ 10-6:. Cont'd _ . . B |
el
Hortzon- ? Horizontal forces ét the end of the free énd arm (1b§)
tal o ‘ . : _
Peflec— . ] . _ ' | o N
tion’ J = —
(in) . F Test d?ta‘ eore.
e Initial . eore-
o | | ' . Values.
| 1 2 3 - Average ATES: .

- [T | : 31.3° - 3.1 ' ‘ 31.20 - 2.6

T h]
d . . , ‘." ' I
—3.h 38,9 38.7 38.80 | 31.0°
i "\ M R
. [

y - e
. e
/
/ , o, o
-y
[ ! -~ -
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= - b
. vt L
» A . Y
+
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PARLE 10=7 1 Test datas of the sprine for the Jacob tran IT

- Manufactured for the previous project [2]:

, . "7

Hordoon-

il . ‘
Deflee-. . S
tion - ) . - ) o
(in) N Teat .data ) : Theore: < f
. I$1tlal e i ' - - tical '

es : : . . s
. N - s 1 3 Naverape | Values

Horizhnﬁal_?nrcen at fho end of tho'frqh end arm (1lbs)
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CTARLE 12=7T~Cont'd . - . L n . /

}\. . . A‘I . -

T I
R | A -
Hq?ﬁ@nﬁ Horizontal forces at the end ‘of the free éhdharﬁ’(lbs)
a . . : .. .

Peflec~ ' X o

;Im
" “|'Theore-
' tlecal
- Values

T

- Test data

Te;t i

S | Initiai'I

1 - 3 Avéna e -
. 3 ge.

et '

1.0 SR S W E IR & 43.50 | 3.5

g 1 s2.0 ‘| s1.8 ] s1.90 | s0.7

L0

61,0 § 61.0 | ~ - | 61.00-| 58.0°

i

64.45 | 60.5

o1
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Ho_rlzon'rol force, Ibs.

_Horizontal force, Ibs.

O
o

. £

!

¥ IYgi
. . [ . L.
S0 T T T T T T
0 L= 1" 1 PR L
. 00 L0 20 3.0 . 4,0 5.0~

Horizontal deflechon in.

- RIGURE 17-8: aniz|;ga; 'n"vﬂ-de lectd on diarrﬁ of tne
Jacnb tranp - From the nroYlgyS'nr 1Pct Z;~

- . -

. ) _-. l.l . . ' f 1
N el R D N B
000 ) loo 2 o 3 o ’ : 400 ) "5‘0
e Horlzontal deflection.in : .
" PIGURE. 17-9: Horlzontal farce-deflectinn diarram of the
" Jacob trap 11 - ‘From the nroviouqfnranct
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HAHL 1?-8?' Test ‘data of.the 91at spring for the Jacob. trap 'TI1 .
. Manufactured for the nreviouq pro1ect [2] .

t\"' I - \h‘t\
*WE;T?”f Horizontal ‘forces a& the end of the free end arm (1bs)
Deflec- R - ' - £ _ :
tion - e— . w~ — o T S
(in) . , - Test data _ . S
. Initial i . - ' Tpeore-
Test B 1 tical
I 2 )3 Average. Values
i. | 1 , ;
. 0.“) . g "‘. ' ’.‘ 5.8 . . \5.-8 . 5'8 . 5-8 “'>6-2'
N N ‘ . < ‘
- { 16,9 | 17.0 | 16.4 ~16.8 | 18.2
L | : . . ,
y
2.5 29.4 .| 284 |26 | 28.8 | 30.3
- Ll S
-
. ) ‘ ) A ‘ . ‘ ) [
3.5 YO -2 T B TR W 11.6 - | uz2.4
N | - 1 ) .
h.5
‘).{)
.. ",
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19,3.'Clnmp1ng and pryinp forces . . o o v
: -\

t - v ) \, . "-. .
[] l. ’ . l‘

The clamping rorce is derined here ‘as. the yertical

- ’ ..

' .static force’ at the fulcrum of .the strike bars which is
cxerted at’ various Jaw opehinrs. The prving force is tHe force -

'resisting oneninr of the trap by liftinr the qaw These forees
»

are the’ same for the Jacob trap. because the sprinp forces are'

b -

directlv transmitted throupgh the hingeés to the strike bars
rather than 1ndirect1v as 1in the case of the Conibear trapu
- . « K

Once the horizontal sprlna forces are known, the theoretical

+

clnmninn_(or pryinﬂ) forces can be- calculated bv ﬁeasuring the -

sides of the-tfianple the vertices/of which ara the two oL !

hinpes and the fulcrum. The theoretical and tested values
are listed In Tableq/’g 9 .to 12-11 and Figs. 12-11 to 12- 13 show

the plotted curves. The test results compare fairlw well with

the calculated values until the Jaws are. nearlv closed and then

T a larre deviation accurs. o _t" ‘ T . lf ‘. -

‘This s because in the test method used the bottom of the spring

was clamped to the base of the testinp device. At the time” it

was unforeseen that mhe bottoh of. the stirrup should have been

-clamped 1nstead. . By clamping the spring 1t was caused to elongate Co
1n a vertica1 direction when the load became high and thus 1ts£ -

~ -7

OUtDut was modified.‘ The effective £3ee end arm’ length 1 Eaf SRR

-.-\,_‘ .
Te

» @,
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moment arm wis 1ncreased and thus the horizontal output force was.
decreased

The extrapoLated curves are shown 1n‘the figures

4 ¥

Which would he expected when the bottom of the stirrups were
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Clampineg force - jaw orening digprrs the
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1= Theoreticnl enerpy level

»”

, -

e e The qtrain enerpv storéd durinp thc tran settinp will

-

‘ho relcafed when the tnwn is trippered : The released energy for. a_nartj

o

culnr1nw Opontnr 1s” called the theoreticaﬂ enerpv 1eve1 at that

‘1aw npnninr and it can~be calculated rrom the praph of the
/ ' N
-hnr{zqntal Rorces vs.. the horizontal deflection at the end of

the free ond arm., It 13 the area under the curve which is jf

v U

-11no1r in. this, case, between the maximum deflection ahd the "g
dorlection at which.the enerﬁy is to be eomputed. The gigcfeﬁe' u;
l data forthh:actual horiiontal forces;'thé ﬁorizbnéal;de§i<%tidnq‘

anq thc 1aw openlnms are obtained from tests . and measurements,

thororore, thev are numerically . related. The resdlts are

¢ Lo

tabulated in Tables. 12-12 to 12-1u




.’w“

LTV

Diference between maximum horizontal deflection”

deflection at which the nergy 15 pequired._‘

LF

‘ TABﬁB.l? 12 ,Theoretical energy -~ Jacob trap I - Prbtogype Al
NQ#, "Horizontal Horizontal h :
of " DbefPection] . * force heore- .
paSUre— « (in.) i (1bs.) tical Jaw
ment ' energy Openinﬁl
. ’ (1n-lbs ) (1n )

’ . : 1 . . o
. 3.29 .00 110,96 . +00 3.2
2 3.18 .11 . 106,93 23.97 . 2.80
3 3,12 Lo 17 104,67 36166 "t 2.58
I 3.06 - 102,36 . - - 51,20 40 "

5 . 2.93 .36 97:.78 - . . 75.15 2.10 -
6. . "2.81 L9 93.21 100. 0} 1.90
7 - 1 2.68 ¢ .61 "88,63 121.75 1.68
8, L 2.56 " S7h 84.06 144,31 71.50

g 2003 .86 '79.48 163.78 1.34
10 2.31 .« .99 74,91 184,01 1.15
11 2.18 - 1.11 . 70.33 201.23 1,02
12 . 2,06 1.24 - 65.76 219.13 i .87

13 .1.93 1.36 61,18 234,11 .13,

18 . 1.8 1.49 56.61 249,68 . .60 -

1n - 1.68 1.61 52.03. . 262.41°. 750
16 v 1.56 . 1.74° 47,46 275 65 .38

17. o 1.43 1.86. - 42.88 . 286.14 .28

18 ©1.31 1.99- 38.31 '297.05 .20
19 -] "1.18 2.11° 0 33.73 305.30 .13

. 20 1.06 @ 2.24 29,16 7, 1 813.87 « .00

1. .93 2.36 . 24,58 ' 71 319.87 -- .00
22 . .81 2.49 - 20,01 326.12 . %00 -

R .68 2.61 15,43 229,88 .00

2h .62 2.67 13.17 -331.43"" ;<00

-« s 2 l L
. ' ; v
] ;- . ° ¥

L

and~the horizontal .:'
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Theoretical
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12-173: energy - Jacoh trap I - Prototvpe A2.
! g N
. N¥o- Horizontal Horizontal Thedre. /j
of Deflection * force heore-
pasure- : tical Jaw
(in.) {1lbs.)
nent energy |Opening
I {(in-1bs.)|. (1n )
1 3.20 .00 94,00 00 ' 3.4 s
o 3.14 .06 92.15 11.17 2.94 . |
3 3.07 .13 - 90.34 23.96 2.69
1 2.95 .25 " 86.68 45,17 2.33
[ 2.82 .38 83.02 67.27 2.07
6 2.70 . .50 79.36 86,68 1.80 .
- 5. 57 .63 75.70 106:91 S 1.61
8 2.45 .75 72.0U 124,53 - 1,42 .
o 2.32 .~ .88." 68.38 142.89 1.29
10 2.20 . 1.00 64,72 158.72 - 1,13 -
11 2.07 1.13 " 61.06 175.21 1 00 . R
B 1.95 1.25 57.40. 189,25 .86 :
13 1.82 1.38 53.74 203.88 .72
14 1.70 "1.50 50.08 216.12 .61
3L 1.57 1.63 TR 1 228.88 48
Y6 1.45 ' 1.75- 42.76 239.33 <35 o
17 . 1.32 1.88 39.10 ] 250.23- 230 0
18 1.20 2.00 35.44 | 258.88 - A3
19 . 1.07 2.13 "31.78 267.91 . +10 -
20 .95 . | -2.25 . 28.12 ¢ | 374,77 00 | !
-3 I .82.. 2.38 24,46 - - ] 281.93 .00 | :
oD .70 2.50 20.80 | |} 287.00 .00
2 .61 2.56 -18.96 289.18 .00
4 ’

P Diference between_maxihum'ﬁorizdnial‘defiéction and
deflection.at which the energy 1s required. .

the horizontal

L




- - T
TMHJiﬂ?-]H: Theoretical enerpy =~ Jacob trap I - Prototype B2

No.  Horizontall . | Horizontal Theos
of deflection * : force, heore- -
easure- , _ \ : tical Jaw
. (1“0) (1bs-)\ )
ment ‘ . \ energy |Opening -
\ (in-1bs.)] {in.)
e :
1 2.99 . .00 116.11 - .00 3.63
D 2.92 .06 113. 40 13.77° 2.94
7 2.86 .13 111.07 29.5H3 2.6}~_
N 2.74 .25 106. 42 55.63 2.n
t 2.61 . .38 - 101.38 . 82.64 2.19 ;
h ~2.h9 - .50 96.73 106.42 1.94
7 2.36 [ .63 91.69 - 130.91 1.81
8 2.2h Y i) ‘ B87.04 152.36 1.63
Q 2.11 .88 82.00- 174,34 1.50
10 1.09 7 1,00 77..35 193.46 1.38
11 1.86 | 1.13 72.31° 212.91 | 1.25-
10 1.74 1.25 C67.66 .| 229.71 1.16 )
a3 . 1.61 1,38 : 62.62 246.65. | 1.06 |
1 1.49 - 1.50. - 57.97 261.12 .97
14 -1.36 | © 1.63 52.93 . | 275.494 .91
M 1.24 '1.75 48.28 |:287.68 .81
17 1.11 1.88 43,24 1299.%58 .75
18 . .99 2.00 . 38.59 | 309.40 .69
19 : .86 2.13 . 33.55 ° ] 318.78 - .63
20 - LT 2.25 © 28.90 326.27 .50
") .61 2.38 . 23.86 1 333.13 .53
oo | b9 2.50 19.°21 338.20 .50
SKTREE B N2 2.56 - 16.50 - | 339.48 .48

N

*Diferenge between maximum horizontal deflection and the horizontal
deflection at which the energy 1§ requiredt




12-5" Kinetic enerpy testing method . .
- - a ’ ;
The Jacob tran 1is synthes{zéd as a slider crank - 7
r . . " " . . ' . i ":"
mechanism pranhically by tracing the actual configuration

. . R w2
chnnres durine the motlion. Let us define the parameters oF"tﬁp
mechanism as follows (see Fipure 1?-1N(a))

Crank lenrth

1, | Coupler link length o ) ' .
. N ) _

aq Distance of the orfset (nerative in this case)

$ ’ Crank angle measured ccw , . -, .
0 Anple between the counler Iink and the path of r

.the slider ‘ L - -

‘VC. \ Tanrential velocitv of the crank pin , . :
v, &V Comnonents of V as shown —

cv "ch , .

v - Velocity of the slider -

Voot Ven Components‘of'v as shown -~ S

o ) ’ " ) ‘

s .« Slider positfon ' ... o o

From the high speed film analvsis, the slider velocities,
‘ 4
Ve will be caleculated firsts The»angular velocities, qr of the
/e <
crank are dbtained bv calculating the crank angles at the slider-

[6] _ B i

_poqitions from the equation

2a %'cos¢ +.2a,a é sin¢ - (a - a22'+fa 2) = 2_ .112—1) S

I

Substituting cos¢=./1—sin d, snuaring both sides and rearranginf
A . .

the terms, Ea. (12-1) becomes :




Cénter of rotation
Center of grdvity

&

‘Fig. 12-14 Imaginary slider crank mechanism -
for the Jacob trap
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A sin?y + B sin¢'ﬁ;C = 0 . (lé—2)
where A = qaz(a 2 +‘312)
B = -la.a -.a,?2 + 2 4+ 8.2), '
j23(8;2 = -a,? + ag? + 82)
- = 2 _ 4 2 4 2 4.82y2_Y44 25 2 '
C (a ,_az:_ as 4+ ) Qal 1 /-
Taking the nositive sign of the roots of the quadratic eaquation '

' B + J Z_ ' ' |
e o= sin” (2B 4AC ’ (12-3)
The motion of the .coupler link can be divided into two components,‘

'the linear and the anpgular motions. r

Al o

and V h,.perpendicular and parallel to the

L

The - velocities, st

'coupler 1ink at the point S, are:

N

st = V sin 8 o - (12-4)
Ve = Vs cos 8 - ) | ‘ (1?-5)'
_ ‘sin¢ - a:
"where 8 = sin” ‘( ' - L3yw
. ai ‘ .
And ‘for the crank pin, C, they are: '~~~ = : S .
Voy = -V, sin(‘n/2+¢-a)' '~. @, : _(}2-6)_
- ) - . : ) -'_ _ . o oy
Ve =V, cos(n/2+¢—e)- _ _ o ‘ (12.7)
.where V =wya, R )

The negative sipf in Eo. (12 .6) shows that'the ﬁirectioh'of Vv
‘is opposite to Voy+ OF course, Vshls V., @8 the coupler link

is ‘a ripid bar." | b o e | ' oY

' 'In Figure 12-14(c) the-distance x from the crank pin

C' to the center of .fotation of ghe coupler link is:
Ve,
a ch - VSV ' C . .
e . . \ : E v
Therefore, the anpulaP velocity of the coupler link will be: “ '




Lt v , )
' ’ m2 = __&_.. : . , . (12"8)
B (32 - X)

1

Ir the co-ordinates of the center of gravity of the coupler /
-zlink are (xc, yG) as shown in Figure 12-1h(c; L ‘then the moment f

"of inertia of the counler link to~the center of rotation will '

be: ° - ' ", , 2
= - . .2 v 2 ' ' -
I. Io f m (XG +_NG ) ' _ ;ﬁlE 9)

where I - moment of inertia to the C G
! : ;
* m - mass of ‘the coupler link J '

-

_12-6 Computer prorramme and the results - ' T

Based on the eouations explained in Section 12— 5, a-
kinetic energy calculation programme is formulated to process the
‘data from the hiph speed film readinrs.- |
Hecause the calculation is based on the 1inear velocities
of the fulcrum in the strike bars of the Jacob trap, tho data
" from thc high speed film readings should first be converted to
the the actual distances by the method of proportion R and~then
‘to the slider position of the imapinary slider crank mechanism
-(Section 12-5) Then the corresponding crank angles are obtained
;from the slider position. The ‘anpular and linear velocities of
the erank and coupler link are calculated from the change rates_
©of the discrete data as usual. Separate tables are read-in toF |
numericallv relate the Jaw opening to the slider position and also

_to.the kinetic energy. In the main propramme, the input data

-




p ) 196 - -
. . \

. !

are read in and proce%sed to obtnin the velocities c&llinr thc

) rwﬂovnnt'unéwmtinc : Also the output statements are'incIUded

1n the mnin programme. Thé suﬁroutine ADJUST cdnvefts the
.‘1nput ddta of 81 and S2 into full scalk::lider;posifions. The
:.uhroutlnv ANhLl calculates the crank anples to the correspondinp
sllder pnsitions. The calculations :?%Tained in Section 12-6 % '
Lo nhtnin the" kinetic enerpies are carried out 1n the qubrputine
ENGRY. The nrnpramme 1s listed .in Appendix I alonp with' the

Pl

oxp]nnatinn to‘use. The réeults are;tabulated "in Tables 12—19

 to 19-:*()wt'mmmes 12-15 to 12-1%. ' , .
- ‘.1.
.‘;' -
B . A . M . . . ) ',l‘.‘
. A J 1 %
4 h ‘ . \ " ——
» f 1‘. -

\ ! - . . . - o L
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TAHLH{IQ—IS: Kinetlic enerpies of Jacob trap I - Prototvpe ‘Al, f
. Above water, shot 1 , s -
s . . . .
"
\
o (aee.) |eity of orank ‘éi?i“éfviiider Kinetic energy|. Jaw '
o {rad/sec. ) . {in/sec.) A P(in g -
x 10 . .
—— e m - . i i
W . 00 0.00. |’ .00 342 -
o0 | A8 T 22,47 A - 3.37
0w 1Y | 32.57 ) .65 | 3.34°
"3 .1.30 I s2,00 |-+ 1.68 ' 3.28
W 2.23 | 77.98 - 3.84 3.20
“u 3.65 | 107.87. ° TS5 ©3.09
LR 5.72 C1oazsze 13.12 2.9k
ST 8.60 | {70009 ]  20.83- 2.76
8 , S 2.0 - | 198.38 b 310, | 2.8
ol anes—"" | 2227 - ] awan L2310
AT 23.10 - Suo.gq ‘ » 60, 75 . 2.05 °
e ] 29.86 |- 52,4k \v/’ﬁl 51 1.76 -
1or | 37.23 255.86. 106.32 RN .
yeo- T | w2 .| 2s0.1n | 13349 1.08.
e A 5107 23401 158.25" T
1hk : 55.07 | 208.00~ 171,22 - | kO ‘
1ok . | 54,32 ©f 170.44 . | . 158,55 S IS T2 )
173 | Tasier 0 | 147.38 - 108.52 .00
\ ~ s ! .
S »
, ,ii;/f/// | 2 -
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-TMuJeIQ-IG: Kinetic enerrv of Jacob trap I - Prototvpe Al
' - . Above water, shot 2

' : ‘ )
.
. . T 1 ) ‘
¢ mulative Angular Velo- |Linear Velo- - -
ne (sec.) + letty of crank |city of siider Ki?:;igbgngrmy‘ ooy
(rad/sec.) - {in/sec.} : <o) Teeneng
]I ) . » (1“-)
x 10 . .
< ‘G‘
R \ . [ . I . , . ’ . .
on . ..00 S.o.00 . .00 3.42 '
A g .63 ¢ 28.25 - ' T 3.3y )
_ | 4 T SO , : ' ‘
i1 .93 38.57 92 ~3.31
S | 1.56 ] 58,22 _,@ c2.d20 ) 7 3,24
0 - 2.62 | Bus2 yous6 3415 |
(o 0,26 114,93 8.72 . | ":3.02 -
"o 6,65 - | 147.0h 15,02 '2.86 !
8 ‘ 10.02. 178.58 "1 23.91 - | 2.67
a2 S S UNCY- 207.40" . 35.99 : 2,43
. 103 _ 20,25 | 231.49 o | . 52.06 " C2.15
N3 N 27.19 | 2u8.92 ' 73.08 { 1.89
Rk o 3512 - | f2s57.93 ¢ ©99.63° - | . 1.53
SR KL ' 43.47 256, 82 S 130.74 . | 1.1%.
Lt . 5122 ] 243,96 S 161.76°. 0 | ¢ .82
1My © 56.47.- . | 21g.7é o] 18118, . 4y
163 SR 56.06 176.63 . . 168.97 .. .16
168 ‘53;?3 _ _}503Q3'1 . .1484,13 ' (j-.pﬂ &
- ‘ { ) i
..',a..A 4
~ ' X 4" o ¢
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10=17+

Kinetdc enerpv of ‘Jacob
e upder water, shot 1

—y

ﬁrap I - Prototype Al

199

_A%Eular Velo-

Linear Velo-

, Kinetic energv Jaw
O PR | g MR ot
10 3 ‘ : ln.
— 3
00 .00 . .00 .00 3.02
20 '317.18 : .. 8.84 ".05 3.40
3] 397 18.59 .21 3.37
h, I e k1,55 1.06 3.32
RE 1.89,° 72,85 3.31 - 3.24
g 3.38 108,21 . 7.49 . I 3.
e 5.59 B 1"3.92._ 13.82 . ,ffi 2,94
AN -8.69 . 176.91 22.31 - 2.74
o 12.75 - 204.68 32.93 2.51
0 17.72 1225.33 45,66 2.22
1 23.40 237.56 60.43 1.95
D 29.43 210,67 - 76.69 1.61-
113 35v25 . V| 234,56 92.98 | . 1.32
3  40.16 219.71 106.53 .99
143 13,35 197.21 35 .63
BIEE b4, 05 168.75 109.93 .36
Y28 N1.71 136.62 | 9u.3 AT
e 36.33 - 103.68 - | 69.52 | ' oo




TABLE

10-18:

Kinrtic enerrv of Jacoh tran 1,

Under water, shot 2.

] -k

Prototype Al,

tummulative

Angular Vélq;

¥

Linear Velo-

Jaw.

| , | Kinetic enerpv
zmcjiii.) ciE;ﬂgﬁsgg?yk cit”(gﬁjggi?ﬁr (in-1bs. )\  Opening
D ‘ ’
M .00 00 - | oo 3.0
'] - v .58 ?7'._?.1 . A5 3.30
1 700 30.32 .57 3.32
i 13 45,18 1.27 3.27
» 1.94 68.27 - 2.90 3.19
(n 3.21 | es.uz ,6.01 - 5,07
EE 5.10 | 126.75 10.81 —— | 2.92
4 7.75 156,74 17.55. V\k 2.7k
03 11.29 184,18 26,06~ .+ 25N
103 15.78 207.19 37.80 So2.06
M3 21,18 22023 51.90 2,00 °
1o 7.33 234,06 . 69.07 1.69
13 33.88 235,79 . 88.79 1.39
i wo.24 - 228.85 . '109.37 1.04
P 45,58 213.00° - 126.87 .. .68
Int. %8.68 188. 31 134.68 .36 .
17 7.96 ° 155.20 - 124.35 15y
1ir. s 41,47 114,41 89.99 00

Z\\ .
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PARLE 12-19:

Above water, Shot 1.

.20

Kinetic energy of Jacob traﬁ I - Prototype. A2

= 4
. - = :
e (see.T  [oity of crank |city of sliage|(inctis enersy oo
- . (rad/sec.) (in/sec.) | o B (4n)
x 1o s : ‘ _
N \
. ! - .
ooy .00 .00 .00 ©3.un
11 .99 ©39.50 .95 ﬁ:’, 340
» 1.45 52.02 1.66 3.34
33 2.23 70.29 3.08 | 7 3026
L 3.53 95.08 5.4 1 3.1M
o = 5¢63 126.09 | 10. 41 3. 00
t7 . 8.89 161.97 ~ 1805 | caar1
78 13.78 200.37 t; 29.79° 2.148
R ©20.77 237.68 - 47.06 -2.20
106 | ©30.20 . 269.51  71.50 84
17 41.95 ' 290.31 © 104.26 . 1.43
1 S54.89 293.67 - 3.1 - 11,02
133 65.73 272.34 . 174,85 T.55
130 68.29 249.89 177.92 |F 32
MU 67.13 218.15 164,10 . .11
Ll 60.33 175.96 127.99 . - 00
< 3
3 < *
. : f \
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. . 20 g
A . ] g ,
ARLE ;|;‘_.;‘n: Kinectie enerpy of,Jacob trap 1 - .Prototyne A2 ‘
. Above water, shot 2
, i V ¢ h J .
- - 4 L — 3
L‘ﬁmmulnt'ive.; Angular Velo- Linear Veld- ; e ’
time {(see.)  leity of crank |cityv of sPider |Kinetic enermy | . Jaw
i »|. (rad/see.) 7 (in/sec.) ;- (1n-1bs.) Opening
R VR - v Ain.)
5 - . . . 4[ - s
s - / - X .- .
.") L] . . - = .. . .‘/ . , A
oo o f - w0 o a0 s T 0 S Naum
3 ... .B2 Toe9ure .5 g 3:3%
e : - 1.23 Wt a6 C 1,06 BN P B
NI ' 2.2 . | 7059 2,86 - 3.23
e hLoh o .a04.020 6.92. . | 3.1

% . 6L96 . 186,58 14,25 k EXTRE.
o Coe11.h2 191.00° ° BTN S 2,61 -
a0 17.88 233.00. .|y w28 2.35
T R s6.67 | ee8n1n. tu.90 . F. 2,02
e ) 318 291.77 - [. Tonest | 1l63
Ay T 50030 - 299.10 - 130.88 .| 1.22
o 1 e2.m 285, 11 166.52 RN §
Vi, ' ~ 69,00 2.7 179.63 | .24
et 6147 1 ar2.re 131.307 . .00,

T2
- - v I
M
. . B N
© &
2 ’ ’
2
¢ - W ,
&
’ Y : * .
)
-
N
! . e
/ '
Vv
P £
. ' . '
. ? ¢ - —— '
] . - . .
-
o bl . 1
. . Voo
hd \
]
+ *
! 3 .
A [
a - T ) '
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T RPN DAY I Kinette r‘n't'l't"\'gr of Jaeol teap ) y FroLotype A0
- i Under water, ahot ) : -

»c . : .
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. -
- ) L-o )
.
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- b . 3 t M - . R . . )
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tire {nec.) - elty of erank’ Jefty of nltder hetic eneiyy : daw
. (rad/nee.) . | (1n/nee,) \(ln-lhn.) N _Un??;n?

CY . . . - L

s

L
LY

&
a.' ‘.oﬁ . J
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ALl 12=-22: Kinetic enerpv of Jacob thnn I - Prototype A2

Inder wafer , shot 2

-

. . _ .
unmalative Angular Velo-)f Linear. Velo-
ipe (sec.) city of crank |city of slider|finetic -energy Jaw
T ~(rad/sec.) (in/sec.) (in-1bs.) Opening
x 10 ‘ e . - {4in.)
o 00 > 00 .00 ;S.uu.‘\\
.81 - 33.19 67 3.41
.89 30,84 71 3.37
) 1.21 58.63 . 1.13 3.32
1.82 ° 80,37 2.13 T 3.26
’ o8 106.79 4,07 3.17
' BT VRN SRR YT 7.3 3,05
' 6155 TR 167.67 12.38 281
9.69 198.60 1963 | 2.6
13,99 . 227.11 29.57 . 2,41
19,66 250.82 ; h2.72 2.16
s 26,81 267.15 $9.71 1.8
.35.36 273.26 180.95 1.51
‘Ul 85 266.06 105.85 1.19
54,09 | eua2.22 . 130.86 .82
/ 60.76 L 19810 146028 40
T 60,61 130,00 133.85 .10
. h7.01 34.01 - 76.53 .00
: | o
j N




TARLE 12-23:

Above water, shot 1

205
Vi
Kinetlc enerpyv of Jacob. tran 1 - Prototype B?‘

\fv

S ~
lre (3ec.)  [¢ity of crank |oivy or siider|Kinetic cneray ol
L ‘ .(rad/sec.); (in/sec.) T * (in.) -
x 10 N
Topo .00 ) .00 .00 3.3
1 . .07 h.56 .02 3.62
) T 21. 65 W76, 3.57
b .72 \éﬁ.us 1.32 3.51
(1 w98 ERTRY: 1.77 3,08
Tt 1.46 52.64 2.80 3.34
B 2.45 72.78 5.43 3.22
il by 104.16 11.39 3,04
120 B.14 145,36 27 2.84
13 14.63 . | -191.96 \ . 2.58
T g 25.13 - 236.52 - - 2.17
1.8 ) uo.so' 263.95 1.74
140 159.90 277.02 1.21
iy 77226 24642 78
o 72.35 160.93 2P B
{

—

i
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TABLE 12-24:  Kinetic enerpv of Jacob trap I - Prototype B2,
S Above water, shot ? .

{
N . B | _. ."

Tﬁzu}ggév‘;‘ ‘ 2?5;13 gre';gl-c | %}.Esagfvgig;er Kinetic energy Jaw

| « | (rad/sec.) (in/sec.) | (in-1bs.) .Op?rilzrj;;,

x 10 A } N

- T 0 L oo T w0 | 363 v
EET c 22 B o w.er - | .2 3.62.

Rt " Lo " 25.09’ .62 " 3.99 _‘

69 | 6w )  1.32 N RS
a0 T wwag | 1.95 3.5
nof sz ] ssae | 33

S ase Lo T16.00 5.92 1 322
| wse ! 106.60 | - 11093, )¢ 3.0
I R g.on . /| . w625 238 2.84
LT . 114..61.; - '1.2Lc1/.93" _' . 43.29 |  2'.'58_
A 2¢.83 - - B 233.71 - 74,33 - 2.17
: 39.77 . C26s.3n | a9.83 [ wrs 3
e | 5%‘3-.7-5. I 273.90 .|  180.17 .|  1.22
wy '(6.18_ . 245,51 ) 233.79 . - .79 .
R 73.15 ® sk 186,03 | 8
G |




TARLE 12-25:. Kinetic enerpy of Jacob ﬁrap I,

Under water, shot 1

207

Prototype B3,

é;émlat1Ve Angular Vele- |Linear Velo- ' . ) o
time (sec.) city of crank [city of slider|Kinetic energy | «Jaw

v I (rad/sec.) (in/sec.) (in—lbs{) Opening
x 10 | - . Co | (in.)
00 .00 .00 .00, 3.63
-,03 2.2 .00 3.62

.26 16.07 .25 '3.60-

4o 23.21 .53 3.57

g 26.62 .70 3,54

.58 28.86 .82 3,50

.70 31.99° 1.02 - 3,46

- .91 37.65 1.42 3,42

| 1.26 46.98- 2.22 3.36

. 1.83 60.70 3.74 3.28

2.73 79.04 6.41 . 3.19

L 13 101.81 . 10.81 " 3.06

~6.22 128.32 . . l7.60 2.92

~9.28 - | 157.45 27.45 2.79

13,61 - - 187.62 41.08 2.61

©19.55 216.78 - 59.16 2.3b

— 27.39 S 242,43 82.46 2.04

# 37.23, 261.60 111.59. 1.78

o ‘48.81 -270.89 146.36 1.43
rn '61.03 266,47 183.38 - 1.11
Poi 7118 244,10 . 210,74 T.82
hin ‘ 73.54 . 199,10 200.11 .50
2o 57.40 126.36 113.86 48

2.
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TARLE 12-26: Kinetle enerpy of Jacob trap I, Prototype B2
Under water, shot .2 ' !

cummulative

Anmulér Velo-

Linear Velo-

N

' N

167,900

. Kinetic energy Jaw
)iy or e | eiter st OIS | g
x 10 o J . «{in.)
v .00 .00 .00 3.63
Y RN} .65 . .00 3.62
20 ' .19 12,16 15 3.61
0 .30, N 18.35 .33 3.58
b .39  22.02 .48 3.50
i .49 . 25.51 65 3.53
L L6h 30.68 .94 3.49
i .89 28.93 1.5 " 3o
G 1.31 51.17 .2.63 . 3.38
Cap - ©1.99 67.87 h.6T ' 3.30
yon 3.06 89.04 8.13 | 3.19
10 H.69 114,62 13.64 - 3.05
1 7.13 142.62 hl.au _ 2.90
130 . 10.66 172.79 33.39 - 2.76
Ry 15.59 202.97 48.91 C2.50
Lo 22.26 1230.90 69.05 2.26
T 30.. 86 253,87 94.39 1.93
170 " 41,37 268:73 . 125.19 1.07
180 r3.17 - 271.86 160.00 1:31
" 1en Ttgh.sn 259.19 (192.14 7 1.02
on 71,82 226.19 203+02 15
0 66,17 198,20 -2
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\,300_ ——— Theoretical ) o ’ 1.
—:-——= Above water test _
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_______ Under water test
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' ‘Jaw opening, in. S
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360

300

inetlic energy,

100 |

5 3.0 B 2.0 S

Jaw openinq, in

1' "WE 1217 ‘an\t.ic energyv - Jaw oneninf uhr-'"m of‘ t.'w Jacob
“nr 1 - Ppototvre B2.

7 I I | | I
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-==<---— Under water test
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TABLE 12-27: : :
' : ‘Theoretical energy.

]

Cémparison.of the Kinetic energy

. i<
to‘the

' ' . o
Jacob trap I prototypes .
,-Déscription§ : LT ™ , ‘ s
. | ] CAY , A2 B2
3 - ]
Maximum kinetic energy obtained 188 .18 _
(above water) (in-1bs.) - _ 1 17 237
Maximum kinetic enerpv dbtained funder 124 4k - 268'
water} (in-1lbs.) - o ] T
The jaw Bpening at whicﬁ-the maximum 0. S . 0.4 0;
kinetic energy isobtained (1n.) 0 3 ) : .13
Theoretical energy. at the. above Jaw B 2f2 ' 235 315
| erening (1n-lbs ). . .
Maximum theoretical energy éin-1bs.) 331.43 289.18 | * 339.48
Percentage of 1 over b (%) - 69.12 75.74 75.24
Perceritage of 2 over 4 (%) \g 45,59 61.28+] 66.03 }. .
Percentare of 2 over 1 (%) _.’ﬂa ' %65.96 '80.90 | - 87.76,
_ S I - I
Percentare of 1 over 5 (%) . 56'7?', ' 6?'55 '59t§1 1
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. In Table 12-27 the maximum\kinetfﬁ ehébgv.'above;‘“

and undcr wpter, is tabulated and compared with . the theoretical

- pnPPFV vapl at Lhe Jaw openinp where the maximum kinetic'

© encrpy 1s obtninqd . The underwater norformnnces are 1mproved

" considerably as the free endrgrm;has been designed to reduce

the under water frittion loss.

) In_Finurég'lzézglto 12-17,<thg;kimetic energy
1ncreaséé.t6 ;‘maximum and fhen décreé;es rapidly contfarv
Lo the thoorettoal ‘curve. This is prcbablv due to the increasinp
rription ]oqses as the trap c;oses and contact surfaces between
thc 1ntorior mechanism increase. The higher enerpv loss of
tho prntotvpo Al .compared to the prototypes A2 and 82 in above
and undor water 1s due to the enerpv consumed to drive the-.‘

o«

addltiona] tr1rrer bar.. Prictien is particularily hiph-in the o

under water perrormance due to the temporarv trigper brnckets

-

which are added to the sprinp frame rather than incorporated
»

1n jt ‘and this can be improved durinp final desiyn.

L J

¢




1. IH\CU‘"ION

- (=1

- The ofiﬁinnl concent of the Jaclob trap has undergone
’ 5

considerable chanpe in-this profect, and the trap, as
finaltzed liere, has mnhy new featurcs. ﬂNﬁw the Jacob trap can
he considered to have much pbtentinl for a humane trap with

the folltowineg advantapres:

T

. a) The swinping stiprrup will provide ndgd animnl

control by self aligning the strike plane of faw with the 7

H

nh1mnlh.movqmcnt and rcndering the fatal blow on the rihht
spot.,

h)' The strain encrmv‘is stored In the sprinp

frame 1tqolf which actq as n nowcr“pack;'and works.throukh tho

ain 101nL"~or mechqnicnl ljnkapeq, not by a q]jdlnr and wodpinr

“action as. in the conventional trans, thus ensuring 1eq= rrictan._

c) It has powcrrul clnmpinr Force which 1ncr01qo
rnnid]v nnd cont1nuouu1v when. the trap 1q c]osinr due to tho
mochnnicaj ‘advantage nr the mechanism,

d)‘.The trap offers a free area through the Jaw '

_onening for the animai to approach sincecpbevbn;mggr mechanism

) - [ + 3

Is " not in the'way or'the‘ng opening. P ,
e) By modeling the'strike'bars and the stirgup‘

r qbérly‘land_offsettihﬂ thg two stn}ke bgrs, the ﬁqep has

break-neck action without damaging the pelthé

LS
L

214 N
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1 ‘ ,f! The underwater porformance of the trap 1s
excellent comuared to the conventional trans. - | : : -

A p) The tran has road saretv foatures for the

.1QIma1. The tripper can be adjusted in such a way Lhat the - .

»

qup can not be trirwered bv the ‘huzzle or the paw " kven
when tho trarp 13 trirpered bv the muzzle or the paw by pu,hinr
the stirrup,.there Is less chance of the.animal heing hurt

A " . ’ .

because of the offsetting of the jaw relative to #he cradle.

h) 'with'ptoper setting tobi for ekamnle,,simildg
to the car jack, and added saretv device, the trap will he v oo v

,aro to use and ouick to set.

The diqadvantapes or ﬁhe’Jacob trqp are S, " -

""‘aj It 1s somewhqd/ﬂglgg_dne ‘to the. rlat qprinp.

but this mav not be -particularly a disadvantare with increaqed

tranner s movability. N o oo

b) .The 1novat1§e appearance may affect the éavﬁy_‘ e

-, -

.trarper's accentability. .It may be true to anv new. trap, -, N
. ' N ! . ot - "." .
Four'prototvpes‘Of the Jacob trap were manufactured

as mentioned 1n Section 12 1y | -j ‘ N v -

The. circular wire sorlng oP the first nrototvpe,-

dJacdh tran III was cnnsidered not quitable rnr this tvpe of

Stran, The motions of the closinr free end nrm* were not on

-

the samé plane, and moreover, the anmle between the two planes L
T ) '

chanred continuouslvsreSUItina_1n twistinv of the 1nter19r'.

-

*

B3

7

-
- ) * -

. . .

- . -

. - . .
Ky ) L]
LI - .
- e
. . ] . . R . - s
. . . - - - v . *
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m00h1nism. Aleo, there was dirficultv in making the snrinr

rrom one piece of wire. The prototvne was made out of two‘
sprinrs and welded ' at the bottom, Therefore, no further_i

evaluntion has been carried out on this alternative.

~ The Jacob trap I, prototype ‘Al was considered the - .
A : t
most promisinp among the remaininp three nrototvoes after

- the cvaluation. Actuallv, the Sprinps of the prototvpes A2
and B2 were the alternatives to the Al %nrinp, The. pemporarv

T}raciets for the trivver bar innnrototyne Al should’ be

zincorporated into the spring rrame,_and the evalatuion has

- pointed out the need for inprovements in the roilowing items: ..

; 'aj The trap desipn is too sophisticated. "Efforts.

',hould be exerted to simolify the mechanical parts, eSpeciallv'

Lhe hinre bracket to cut downiihnufacturinw and naintenance3
_- ocostﬂ and’the tran weipht. Some parts mam be repleeed ’or *

'lirhter material (i e. Aluminum) or st;mned to proTile with ::H} .
‘ weirht savinp holeq. o - ‘;q -if 7 . .

b} " The strike bars,'stirrun and cradle may need to

-

be trimmed to give some,minimum 1aw openinm at’ the closed nosition

to avoid any cuttinp action. Also any sharn corner% or, edFes'_”“, °
, qhould he ro?nded for the same. reason.{}'.. B oL

. e) More studv is required to reduce‘the Fap between o
“) the eprinp frame ‘and the interior mechanism S0 thau the animal S

u _,:- “a

S ‘attention is not distracted to these oneninrs.

anr
L

.
Y
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shbhuld

d) ‘Some’tyﬁb'or'anvil or cushion feature

be pPOV1d0d hctwcon the two hin#b brackets to provvnu Any -
. dlmarv Lo the 1ntcrinr mechaniqm when the trnp 1( trjp’cpnd
'tnmt,_\'. i _ ) . . o . .,
)- \.- . ) . . . R ,
c) A stable dovicc qhould he added to securp the
111p Lo the pround upon ectting. ‘- - 0 - '
: L4 . S - .
n" - T) A nqod scttinm tool is rcauiréh rnrveasv of soelting
1 f

'nnd tn nvoid any accidcntnl in1ur1eq to trnpnor,; becaune the -
B o ~
trap "has a hjnh clampinp force and 1mpact ‘Also, unless the

trap” 15 easy to set, trnpner wi]l hé re]uctnnt to ust’ iL.

4

A nFoLv p!n na’s s1np throuph the qtr1ke bdrs can eas 11v bj. f\f:
lncnyppnated for the set nosition. o . . J |
~ ﬂ) 'It‘wiil'hefhéggégarV‘to carry out testin with >
4
llve nn1mnls to doterminé their reaction to thc Lrnp p00mvtr oL : 9'
Thv.prototVDOR are now roadv for Curther teqtinp at tho_‘ o
Hq1vvr Itv of Puolpn - R B
. I - . ;? . "'l‘
- s i .
- ) 2 ‘ b‘ )
.J\ . . ‘:‘T; u'
" * - A
LY 4 .
R N . " "'
- ) " ) . .
fl " , .
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- APPENDIX A: OPTIMIZATION PROGRAMMES RFOR THF CONIBEAR TR P
. SPRING - SEEK 1 AND SIMPLY. - A
NDeseriptlion: . . ‘ | ' f A

g. to suit. There are two INPUT statements:

(13

: FOR;1ATS - T . al"

Nutput;

The programme optimizes the design of the Conibear- o

v ‘ L
serles: stirrup tvpe sprin?. There are two main programmes ,
onc for the subroutine SEEK 1 and the other for the subroctine
SIMPLX. The user can'combine-either one of the programmes

\

with the rollowinp subroutines UREAL, CONST and ENRCY without )
any chanres. OPTISEP[YJmanual and Sections 3 2 and 3-3 should
he referred to for the details.. Most of the formulas used in

the subroutine ENRGY are explained in Chapter 2 and Section 3-1.

Input:’ - _ L _i;-
' The desién varlables and the input paraméters are

1 .
défined in the first part of the programme. Other input
. _ . ) .

"variab]es, related to the particular ontihization stratery, are

.defined according to the OPTISEP[7]manua1 and can be altered

-3

...a) ~The DATA statement for: RMIN which remains all

‘ zero in thls case .
§ e b} The READ statement for the parameters as listed
) ?in the NAME LIST statement

2
. ‘-::-“ :
- . :

?The ‘user 1is required to provide the data cards according to the

" : , . -, ] }

In‘addition to the direct outout from the QPTISEP

'aubroutines, the oropramme prints out

. i . . w ' ’
_yzag._ .
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! ~

X,v N Thér;n]uon of the deatpn variables nlong with thetr
definitfona | . '

; :
B The tanpential foree at the end of the free eond hrem
) when the spring 1s loaded by the prinary defleclion
angle, ‘ : ’ B
U The max i mum hvﬁﬁlnm streas n Lhe npring
wﬁn’ The maximum strain cnerey ntnﬁhd In the nprimy
& ) - )

Mher Infoarmnttion:
i : .
Often the prorratme vields different solutlons with

JIfPerent sets of starting values, 'ﬂltﬁnuﬁh normal atarting

valuen are 411'1‘1.1\i‘¢l am: _ .
(X GTRT (1) = (RMAX (T) # BMIN (1))/2,0, © * ‘.

It in.hvttcr to chanpe.the astarting valuen ﬁnﬁnrnl timesn 1n the

T eane when the programme 15 huang up. It cannwy be overemphan!oed

how the starting values do ﬁrfect the resit. rnnnjhlé i
rvnsnunh]b_sdt of ntnr%;in values give good rcﬁultn. ‘van 1r
an hﬁtimﬂm solution.in ohtnihcd, it 1s better cfthur Ln'rﬁn ~
the propramme with a different  set of the starting ;nluvﬂ_ﬁr

Lo une’a different subroutine to check 1f the solution s not

t loeal. optimum, ‘
. As expldinéd 1n .-“».ect‘..ir')n 3-2, 1f 1t is 'ronuiﬁ\ Lo
usnes the suhroufine EQUAL3[7],.ndQ'thc nuhrﬁut]ﬁo.ns shown on
.‘__inhprrv_,chnnne'thc’dimeésidn'or'tpe PST(T) and_but EQUAL =
‘fn Lhe main’pron%h%mc. Also the”uscr'ﬁhould ri11 upfphé §a¥uop
-ﬁﬁ WDIA nnd.ﬁRnME, where WDIA = available or commercial size

!

of the wire (in.)



| 220
FRAME = Inner dimensionlof'the trap frame (in.)
It is difficult to Fet a solution with the eauality

constraints and. this is why the parameters WDIA and FRAME
were not incorporated into

thg main programme. 'f
Thé -averapre comp@Per time to get a solution was
. 5 secohds centtal processing time per run utilizing the

subroutine SEEK 1 on a CDC6400 computer. It was 15 seconds

for the subroutine SIMPLX. In both easés, th

e subroutine

. . -
EQUAL was not used.

SN
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ATTLCHZOPTISER S

M. - Fan
(MRFTaL IP=APTISFP,
LA™

t

6600 FND NF RECORD ' &
PROGRAM TST (INPUT+OUTPUT »TAPES=INPUT,TAPE6=0UTPUT)

<

: . - . . o .
APPONETY, *AX OPTIMIZATION PROGRAM FOR THF-CONIRFAR TRAP SPRING--SFFK]

iny NEEINTITION OF NESTAN VARIARLFS #x%

WIRE DIAMFTFR (TN

X(1) =
) X(2) = ¥FAN COIL PDIAMETER (IN)
X({32) = NUYRFR OF TUINS OF COIL
x(6) = FRFF FND AP LENGTH (IN)
X{5) = INITIAL COMPRFSSION ANGLF (RANY -

g
/ y

vesr DEFINTTINN OF [NDUT PARAMFTFRS a%%%

A N N e T T T e e R e R T R e e T

X1VAX = MAX. ALLOMARLE WIRF DIAMFTER (IMe)
X2UAX = YAX, ALLOWAPLFE MEAN COIL NIAMFTIR (IM) s
¥1UAX = VMAXe ALLOWARLF MUPGQER OF TUINS °F COIL
XAVAX = MAX, ALLNWARLE FRFE END ARMY L FHARTH [[N,)
ARUAN = MAX, ALLOWARLE [MITTAL COYPRESSION AMGLE TRAD)
neENM = CHORD OF ﬁDDITl“NAL COMP, ANGLE WITH FRFF FND AR LENGTH AS
A RADIUHS [IN,)
. F = MODULUS OF SLASTICITY OF THE 'ATERIAL lLPS/SO.[M.)
Ne Y g = WoapgInc STeees “nq/rn._lq.;
S a1 = MINTUUM 2FNUTIREN FHNERRY AHT OF ThRF Teaf lln.-{nqa
r Tapuy = WEIGHT PFR U, (M, OF Tur “ATERIAL (1 RE/CULIN, _
©FINIT = tMIN. REOUIREN EARCT AT INITTAL ‘PFFLECTION (AT Tur-EnD aF FRFF
r ' CARM) (an) : . _ A
R = NUIMRFR OF - SPRINSS FN THE TRAP
¢ PLAND. = MEAN DIAMFTFR NF THT FNDLNAOE OF THF FREF FND ARV {'[N)
€ c~t'“'"‘LTl”‘: FNPGY COMPUTFS %T?FS% AND ENFRGY OF THE SPRIMNG (DRlvﬂtfi
‘ NIYENSTAN xt By ,RMAXL =).nurmt ‘\.XSTRT( Y, D”I(1’);PS!(TI-
Y MARK Y R)GUARK D[ B ) ZWNARK( R GJHORKAL S) ' o
- . : ‘
‘ COMUAN FAR] DI JDEFU Fy GTHFLOWLSPUT I FIMTT R DLANP ‘
L COMUAN /RRY XTMAX, xvmnx.x°vax.rhvnx.xﬂuax
¢ MAMELTST /INDUTY/ x1vnx.x7vnx,x1vnx.xa"ax,xsvnx.nrrv.F.ﬁth,Fan.
1 . . QPWT,F!NIT RV.DLOOP . ‘ |
r .
NATA Q“Ik /7 5 % 0,0 / ‘ L : ) .
r ,

¢ ourAn," CTHRF AND WRITF QUT papnvrTFQq AS LIQTFD TN NAVFLIQT

SFAD (64 INPUT) .
WRTTF (A INPUTY & - .o

Pl=ti, O%ATAN{1,0) | . .

ro

£ ACrINE [NPUT VARIABLES ACCARAINA TA APTISED MANUAL ' . i :
oo : ' o ' ' = ' "-\‘Ili

R




Y Y ™

LY

1iPRIMT = 290

IPATA = 1 . .

NCONS S = 1T

NFOIS )

F = W0y S

e = «M ’ . - "

MAXSY = 100 ) : . . \

MSHOT = 2 : ‘ -

TFsy = oe

‘ i \ ) . . -

CUVMERATE RMAY AND \(rrr:r (STARYIMG POAINT OF X([))

PUAX (1) = XT1MAX S ' N o i

RUAX{D? Y. = X2AX .

PLAXLYY) =

x'IMAx N i \
Q'!AX((" = !f.‘.‘f\x .
R\'J\X"(":) } = XGMAX

nnoA [-1,N
K"l!‘T(l\-(““A'((]1+'?““‘(IH/" 0 ’ . :
1 CANMT MNP

CALL SEEV{M, RUMAXS PVIN, MEANG, MECUS, 4 e XGTRT, MSHNT, MTEST,
i'-"fﬂx"" IPRIMT s IDATAY X Uy PHIW POy YORPV ], WORY D WORY T, WDV Y)Y

: " :
CALL AMESUFR{VLy Xy PUHTy PR N.thnMS.{MFQU§|
_ _ . M N 3
CALL FMRGY Xy FF14: STRWFNAY)
. ‘ ) : . T
WRITF(fy ©0) ; ' o g
"”ITF((»"I*P(‘L-FFI ‘%TQvF"GY
u‘
TI'ST=—Y oOF=-10
PO & T=1,MCONS _ S
CIFEPITETY GLT. TFSTY GO TO 5 ,
& CONMTINUIF . o A |

MRITELASINC) [X{TYaT=1,M) . , : )
v CANTINUE . L . .

G0 FORYAT(//7)Y . o : . o _

100 EARMAT (5Xe $FORCE AT [NITIAL PFFLECTINMILASY o 4 o o =%y F15.64 ¢/
1 " aXe ASTRFGS TN GPRIMG (LAS/SN.INGYe o o o o o =¥0.F18.h00 3/
1 6Xe <UAXIVIIE FNERLY flM.—Lnf: R AL XY

200 FORUAT(§Xy =WIRE NIANETER (TMel o o o o s @ =%y F10,0,

"BXy ¥MEAN COLL nlﬂHPTFR (TNe) & o o &

=%, FlCJ Ny 27

1
1 SXes TNUMREP OF TURNS OF COTL "4 o o w s o o o =3 F10,4077
1 EXy 4ERFE FNA ARM LENGTH (IMa} o o o o o o o =% Fl00by /4
1 6Xs RINITIAL COMPe ANGLE (RAD) o o o o oo o =% F1D44//)
c-‘ﬂ'ﬂh . ‘L B -
Fun . . ’ i N .
| s ’
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n\"ll.ll- ' i : - ' A :
~nn.u.wﬁlr'tvﬂn'“""¥v!n HYST1TaCY 22, 2 Yiove

S A
l‘\i_l 1 .' I“ oy "V‘rl‘.

L (nDEO RN OF B EoRn
"l-‘ﬂ(:u'-'lf\r' I I B YA Qr\lltl‘lll Iﬁl"l T,-]'\DUT'TA[\' £ = n“'““T,
: APPENDIX AKX OIII”I/AIION PROGRANM FOR THE CONTREAR TRAD SRREMG=-STMIPLX
( ¢+ ) .
:.-J BEEIMTTION OF DERTOM VﬂQIﬂ“iFS waw -
t .
l AL1Y 0 WINE DNTAMETER ([IN)
¢ X(0) O MEAN COLL DEAMETER (ITNY )
( NV s RRnsuw R ar TunNS Or cote - .
- TN ty) REF FMDY CARMAL PNGTH LINY. ‘ ’
el INITIAL COUPREGSION AMGLE (RAD)

sawd P INTUIOM O TNDHT DARAMITERG nwdn e

NIHAY S OMAX,, ALLOWADRLE Wil DIAMETIR (IMW)

NCOUTAN T MAY, ALLOWARLE BEANM CRTL RIAMETIR (NG
; CUNAN - MAX . ALLOWANE MURMIU R OF TORNS OF CoOT|
(o XaTAY MAX. ALLOWARLE FRECYCEND ARM LENGTIC (TRG) :
' NMAX - MAX, ALLOWARLF [MITTAL COMPRESSTION ANGLE [RADY .
AT Y C CRARD OF ADDITIONAL COMP ANGLT wrraquarr MDD ARM LVNGTH AS
- A PANTIIS: (N ) ) T o
{ ' = MOhULUS OF KLASTICLTY OF THE MATERIAM (1P /50.1M,)
(oI s avpne I me BTRERS (| RG/SN =T, ) |
{ 1O 2 IR REQUTREN. FRERGY NT OF THE TrAP {(IN.-LRS)
. cet = W IGHMT PERP (g TNe OF THF MATTRTAL (IR0 TN, )
t YINTT ;%I Me RENUIRID-FORCE AT INLTIAL DIFLECTION (F FRET
¢ Anrty (LNS) ~ : '
s 1ive = MR D n[',- rnr-'[m'q (g 1] TH"' TI'.‘-‘\p .

KM ARY {13

M ACR t - MEAN DEAMITER AF THE FNDLAOP OF Thi reg
' (PRIYATC)

-,:l:;'l:,\'llglnr I'N!l}r.Y-(',ﬁ“l)tIIrS'. FTRESS AND FMERAY NF TH

( . _ S ) .
(AN RLIA RS WALl X'l B ) DUAN{ &) PHIML ',-‘30'7(""”77' E1yDff 1Y e POTET)
VXAL S A NI e Xl s X0 S)e XL R]vx_ﬂt |Xp('ﬂ)sXF( F-]i_

VXCL Ry STERL G) e FUMT &)

apRING

“

c
COrANm JARYL DT ANTE (AT F A EDMT o F TN T ofrs 40 NOP '
COMBAN . J0n0 p wh“ﬂx.warnx.xvax.wa"nw-xﬂvhx
' ) . :
' NAvIlI'T /IMDHT/ X10AY xa"n\‘X1~nx.XAv«--x=vnx-“°r”"-<TWv’L°”'
1 SPuT, FIMIT anDLﬂ”P B
_ nara nutn /7 5 % 040 / “,. | g -
p
¢ AT, qrnn; AND WRITF nuT PARAMETFRS AS LISTED N “““‘L‘QT
; . _ .
RrAD (ﬁ. I&DUTI _ T . . .
wnltrta.nrmouri : S - . :
's B e . ’ . -
: nl-a. CHATAN(1.0) ‘
(- ) N + .
c hrslmr 1npuT VAR!ARLF< ACCORDI“G 1O OPTIGFD MANHAL . .

el TN




N = 5§

NN = N+1 221

MCONS = 13

NFOUES =0 ’

A Y = &0n N ;

IPRINT = 1

IPATA = 1. _ . :

RFDUCE = 408 . f

F = 01“

G =‘10F-7

R = 1.0

ALPHA = 1N

PRETA - = o5

GANMA = 2.0
C . ’ - 1 .
¢ GEMERATE REAX AND. XSTRT (STARTING POINT OF. X())
C . . .

RMAX(1) = XIMAX ;

RMAX(2) = X2MAX ’ '
* OUAY () = XAIMAY

PUAX{AY = XY AX ‘1‘

Q"AX('H = XGHMAYX
¢

DN T=1,M . o

XSTRT(II-(F”AX(I)+RNIN(4))/? 0 . o -

' 3 COMTINUE ! : ‘

r . _ ‘

CALL ST™PLX (M R¥AX D“r" NEONS, Nrﬂuc'xcrnr.mm.hinqn ACTAFAMA,
N T nenljrc . “'f"‘f“("il"PT"T!'r"\T‘\\"OxO””Tsf‘qT.XA.XI.l-'l MoXUya Y ¥ ¢ ¥y
1 XPaXF WXy 1T=D]

/
r .
CALL ANSEFR(Us Xs PHIs PSIs N NCOMS, MFOUS)H
¢ . . L e a ' o o .
, CALL © EMRGY(Xs FFls STSHENGY) , o (
¢ _ - | A |
: CMRITF(As 60 s
, MRTTF{ALOT) EF) »&TSyFNAY
r * . . b ) - )
TFST==1.0F-10 g
DA 4 1=1+MCOMS - o
IF(PHI(IY LT TESTY GO TO S
" 4. CONTINUF . _
(- . L]
MRITFLA200) (X{T)yT=TsN) . _ | ¢ ‘ |
&  CONTINUF . S » R | -
Ne : oo ‘ _ .
B0 FARMAT(//) ' R
120 FORMAT(6Yy *FOPCE AT IMNITIAL DFF'FCTIOM(IQGI e e s s =%y F1q.a. 'y
1 P 5%, *STRFSS M QP"l”f (LRS/SNIMete & e o o o =%y F18.64 //
1 EXy FMAXINMUM ENFRGY (T"Me-LRS) o o ¢ o o o o » =¥+ F15.6 7Y
INM FARVAT(GX, ¥MIRF RIAMETER 1!&.! e s o é & 4 o a's . =¥ FiN.n g /7
1 Bx, ¥UFAN CATL DIAYFTFR (TMe) o o o o o o o & =%, F1C4,.//
- 1 © 5Xs ENUMPEP OF TURMS AFLCATL o e o o eoe o o =¥ F10ustis 2/
’ 1 5%y *FRFF (-'{\f\ APM LF'\.GTH (T\-‘ . e s'e v s s o Ty F]Co’!v /,
1 - - §5Xe ®INTTIAL co"p. ANGLE (RAPY) o 0 o o 6 /v o =%y F10ati s/ /)
c - ) . .

stoe !




v . N

" SUBROUTINE UREAL (XU}

c . K,
DIMENSION X (1) a22

c . . T,
COMMON, JAR/ PLyDEFMIEsSTH L ELOW SPWT ¢ INLT oM 4 DL OUP

c .

C OPTIMUS FUNCTION 1S THE WEIGHT OF THE SPRING

C .

ARG={ULOOP+X(11) /240 > 7 S . ‘

u=wa1*(Pl/4_.U}*(xtl)**ZJ*(Pl*x(Zaix(anz.on(xml-nuuﬂnIuLuuPJl 1

C - . ' S :
"+ RETURN . 3 ,

. END ‘

C oot conr A

: SUBROUTINE CONST (X sNCONS »PHI ) »

C ' - .

: DIMENSION X(l)y PHI(]!

e ' ' _ ‘ . .
COMMON /AA/ PLyULFMyEsSTuabLOWsSPuT »F INIT sRA s LLOUP ) '
COMMOR  78B/ XLIMAX 3 X2iMAX 2 X 3AX » XGMAX » KOMAX -

CALL - ENRGY(X» FFls STS,ENGY! <

C . . . . . :

C ALL DESIGN VARIABLES SHOULD bE LESS THAN MAXe ALLOWABLE VALUCS SET

C - R _

. L I
' ~ PHIC 1) = XIMAX - x(1?
*5\ PHIL 2) = X2MAX - x(2!}
PHI-C 3) = X3MAX = X(3)

: PHIC 4) = X4MAX = X(43

PHI( 5)-= X5MAX - X(5/

£ ALL BESIGN VARIABLES SHOULG BE POSITIVE
C N L N . o .

SPHIC 6) = x¢1) o - :
PHICL 7) = Xx(2) P - v
PHI{ "8} = X(3) - -
PHItL 9) = X(4)
PHICIO0) = X(5)
"c ; . - ’ .
C LNLRGYs STRESS AND' INITIAL DEFLECTIUN FurCt RESTRICTIUN
¢ : teo L : ‘
S PHI(L11) = ENGY - BLOW .
PHI(12).= STW - STs,
PHI(13) = FF1 - FINIT
C : : e .
RETURN = . : , =
END | | - -
c N . . - o :

suuRQUTJNE ENRGYWXs FFly» STSsENGY!?

DIMENSION X(1)

CUMMON /Aﬂt)Pl,DEFMpE’STwthUw.SPwTsFlNlTvRMoULUUP

¢ CHECK IF THERE IS ARY NEGATIVE DESIGN VARIABLE S
C . ., . e . .
. DO 2 I=1,5 . . . .
U IFAXCD) JEWe Qeu) X(1D=Lleik-4 - .




[aXaNa]

[N e el

" AN

aNalal

-

2 .CONT[NUE .

CALCULATE PARAMPTLRS TQ CUFPUTL ENERGY AND STRESS -

C= x(Zl/xtll.

ARGL=46.0*C*(C~140) .

IFLARGL  oEue GiD) ARGL=1.0E-4 .
. RKl=(4, 0*(C**dJ*C I.OJIAHul

ARG3= DEF“/IZ.U*X(QJ)

TF(ABS(ARG3T 6T+ 1.0} ARG3=1.0 -
PHI2=2.0%ASIN(ARG3) + X(5)

COMPUTE ENERGY -

ARG2= E*titl)**4)/(64.*tx(al*x(31+z ORX(G)/(3.,0%P1 )}
ENGY *A&Gz*t(PHIZ**Z’—(X(S‘**Z"/Z.U

CONPUTE FORCE AT lNlTiAL DEFLLCT[UN AT THE thD UF FREE LNU AiM

FFl ARG2¥X{5) /X1 6) ' _ -

COMPUTE STRESS'IN SPRING ;

v

RMOM=ARG2¥PHI2 o '
575=32. *RKI*RNOM/(PI*IX(IJ**BJJ o
RETURN
. END . | .
640y END OF RECORD o,
END OF FILE : o | )f
., .. . “"cp TOT 0090
' ~ -
> . '
] ! i
. ",
rl

o«




)

"’\,—":j‘rg A - N
5U_URU~JT1NL-. LWQUALtX»PSTyHELUS) =7

LIKENSTUN X{Ll),Psltl)
CUrMMUN FAA/ Pl:Utf‘flotlol.ntLUﬁ'obPu[ f'l“ll'll(anLUUP

wbiA = "
FRAME =
£ -
N=X(3}
RN=FLOAT(N) '
A=(2. J*Pl*(X(jl-I\NHx(bu/g U .
B=Pl/2e.0-A . ‘
ARO=(X (2 ’/é.ul*CUalu‘+X(h‘*SlN(Ul- r
PSItl) = Xt1) - wolA . T
PSI{2) = ARG -~ FRAME/2.0 - |
RETURN : - 3
END X S o
» | o TOT 0020 ”
. ,
\ - »
L] 0;’ ,
L}
. , &
L
~ , L
) <
- ‘ R
* R L
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APPENDIX B: TRIM OR CALCULATION PROGRAMMF. FOR THE CONTHE S
TRAP SPRING, ' B CONTBEAR

lescription:

Thg'programme 1s either to trim the spring Optimization
result or to analyze the existing -spring Of-the Conibear trap.

It can also be u%ed for springs similar to the Conibear trap

spring,

Input: o . o
The 1nﬁut'parameteﬁstare'dérinediinfthe*f;rst’part :
of the propramme, and there are rour 1nput statementq.

-

a). The DATA statement for E and SPWT which remain
‘the same-‘if the material 1s not chanred.

b) The_READ statement of the trap name.

;j ,c)‘ The READ statement for the desirn variables

R
. X3 ~ Xg end DEFM. L | | _
.- a)7” The READ statement for the "MORE" which 15
) reauired for the next set or the data if there :
B 1s any.

K
The user should p%ovide the data cards accordinp to the -

I o _ T
FARMATS .. L - N B
Output: ' ) o .‘__v SR .
£ , The pr;pramme prints out the 1nput data alpnp with ‘
Lheir deginitions and: - o R .
u " The weirht or the sprinr ' o )
YR, The tanrentiar'rovce at the end of the free end' 4
’ ! ' arm when:the spring ‘is. loaded by the initial deflection
angle . ‘ :
STS ;q'The maximum-bending stress }n.the spring'
ENGY : The maximum strain energy‘ stored iﬁﬂthézﬁpriﬁiy-.

228 . ' | LT
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Other Inf‘ormation- . : NI
s . - ' r o "
Y " :
; I he average computer time was 3 seconds central
prOCESSinF" time for 3 sets of the data’ on a CDC6400 computer.
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' .

o - -t { . ’ T . K
PAAEMLTON X L) yMAME [0y, PR - ' '
. : - S al L s o .,
] CCOMMIINCLRA fo N M G SPUT ] .m} € - s SR Lo
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LR AERATANE ™ T T gt . - ,.‘ﬁ . o T
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AT A OB EX {411 /2,0 "~ - - s T e
"“.‘,l.u|,.“.|/,“n)n|)((|1...1”“1”)((-,”)((a).w nul)((:. .'\_.l‘.;f‘“.nl-'lu\ll_\lf‘«‘)l‘l.‘.) 1
ALY "OPNRGYIXs PP A n.anvr R e -, g
‘ o - N ’ ’ ST ‘ o . Te - ’ L e . - )
B R AN PN TS I e o ' e LT
LR IR A ((_'r,n()‘ MASC T . . . . ; . . B 3 - .- . ‘
_‘ ."‘”" ll; (f‘ 1‘”‘ L . . \ " o . A ‘ e B . o . - w
WIEPRF (AW 270 (X[ ) fwla®) - . PP v T

- (ULR B Y A RO | rrl.f-r BRNRY Yall o — : e e ™ . :

( R . ) - . B ', Vo
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o ¢ , . I_ - . § i ' . e P . . .l o v . . i ‘4‘ |

BEANE R AN A-hp'f-“_ - - LT ) SR TN : rJ
PEMORE |, FQ;f«l cOTO 10 . A N
- 40 snrm@l(//i : - - ' L . . h : ,"_’—*,_‘- _',' - ..
NON PORMAT(SX FRREE AT INITIAI DEFLFCTIONILPS) o 5 -0 o n¥e Plhefis /7
IR aXy RSTREGS N SPRING (LRS/50IMeda o v a0 o' m¥s 10ef0y /70
Y C T EXy EMAXTMII ENFRGY (TMe-1RG) % o o 0 6 ele e TV brsatirs
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APPENDIX C: ENERGY PREDICTION PROGRAMME FOR‘THE CONIBLAR
TRAPS
i

-

Pescription:
| .This prorramme first smoothes the input data, .
" computes the theoretical.enerpv and finds the maxirum and
specific theoretical enerpv levels at specified jaw openings.

The calculation details are explained 1n Chapter 4.

-

Input: I
;  'The input variables and the subroutines called are
) . . - I . ' ] v
.deseribed 1in the first part.of the programme. ! Most of the
_variables are named in the way shown *n Figures 2-Y7 4-1 and .
.6,
" Note that.SARM = &_, TARM = ¢
“a - ' S*" t
-There are four input statements: . . -~ . o

j\\\;\‘” L7 a). Th

b) The READ s

statement of the trap name.

tement £6r the parameters as listed

PR in the NAMBPLIST statmeént
. €c) -The REA&D statemeht for the T(I) and S(I)
g " d) The READ $tatement for the "MORE" which is
"reguired. for the ‘next.set of the data if there is
any. ¥ - isf A _ o

The user should provide the data cards accordinp to the FORMATS.

.

~ Output: - : S -
JI° Number of the measurements ' -

™I) ,Nominal jaw openings as read in (in.)
'S(I) Distances between the necks of the spring as read

in (in. ) . ‘ s

P S 232



) ‘J .“" * 233
THETA(T) Trap'angleS'(Qeg.) .
BETA(I) Spring angles'(Deg;)
PHI(I) Deflection angles {(Dep.)

DANG(I) ?eleaﬁed anrles from the maximum deflection angles
. Dep.). . .

ENGY(I)  Theoretical energy level (in-1bs.)

3

OP(1) '-?omi?al Jaw openings at which the energy reauired
in. : P e .

¢ .

-EXPEC(i) Theoretical enerpy at OP(i)

-,S(IK) Nomiﬁalfjaw opening .at the maximum enerpv level
EMAX Theoretical energy at S(IK) °

Also the propramme plots out the graph of the Sprinp angles
'BFTA(I) against the trap angles THETA(I) for the original and

emoothed data and the graph of the theoretical enerrv levels

PNFY(I) against the nominal trap openings T(I).

Othen’Ihformation:

If the number of the data T(I) and S(I) is5 over .

. 100, the DIMENSION statement should be altered for tii_égdtﬁ/j/g
.parameters whose arguments appeared 100, accordingmly the

values.of the EXPEC(I) are not reasonable then the jaw opening
OP(T) is not within the boundary of the table. The required
computer time for .3 sets of the data was apnroximately ?{5

' seconds of cehtral processing time on a CDC6400 computer.
. | .
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_AANDC FMD AF orennn

pROGRAY TST (,l"!f’UTsﬂUTPU‘ToThF’F"?:INDUTva\D"fa:ﬂUTPUT) ’

. B f - » -
AU N LY XCE FMERGY PREDICTION PROGRAM FOR THE CONIRFAR TRAP
» axrr PFFEINITION OF INFUT VARTARLFES *x#%

NH““FQ NF ONISCRETFE DATA O T(1) ANMD ST}

" Moo =
[ ownTAt = WIPF RIAMETER  AF THF SPRINA ([N)
FenT = MEAN CNTL DIAMFTFR OF THI SPRING (IN)
TN = MMDTTR AF O NF f”r.SPQIMn
PN = FRCF ONN ARY LLENGTH , OF THFE SPRING (IN)
s EOAPRING AR LFNATH TA THC MECK (THY :
fAD = DISTANMCF Foad FULCPOM TO AUTFR FRAME OF THF TRAP FRAMC (IN).
PHTY = IMITIAL NFFLFCTION ANGLF NF THE SPRING (DFG),
LPRTRAX = 1PAX, DFELECTION ANCLFE OF THE SPRING (NFG) : B
[01) 2 NOSINAL AW APENING ([N . '
(1) = RISTANCF ACTWEEN MFCKS. OF TH‘-' SPRING ('[N)
Y = NUSMACR AF ADENTYGS AT WHICH THE FMFRATFS T RE CALENLATID:.
AL = APENING NF TRAD AT WHICH THF FMFROY QFOUIRFD
- AR = PUT 4 IN 12 anuAT In RPERFAT PROCISS FAR NPXT TRADP .
coor = MOPULUS OF FLASTICITY OF THF MATERTAL (LRS/SN. M) . -
. Y = NUMRER o5 RDQINGQ ON THE TRaAP . ;J
roSnnnApTar | 151 (‘n|'| N B ‘ e o
4 : ' ‘
coapran = IO FIMN THF LFAST SAUARE FIT NF A SFT OF POINTS (XsY) TN A CURVF
c Y=FIX} POLYNAUTAL OF A GIVEN, IFAetIN THIS CASE &) 1M X(LIS=VACLLD
DL AIRT = STAPES ARRIMATES AVD ARCTISSAS FOR PLATILIR="MACLI™) | '
< AIPLT = PLATR AND PEQTOAYE ALL STARFD PALMTS(LIR=¥ACLIAL
TORFn = TA COMBUTE FXPFETED ENFREY AND FIND #AXe VALUF OF [T (PRIVATI)

"LIE = SURPRAGRAM rﬂR LINFAR !MrfﬂpﬁLATl"M FROM A TnPLF CF VALUES IPRIVA:

nlur‘m"‘TAN T(1rﬂ,,ql1r‘f\;,nn[(1ﬂf\).TuFT.~(1""] .nFTA”""‘\.hAI\"‘(]ﬂﬂ‘Io
} N NGY(‘“Oi.00(11.rxpr((’i.anF(1“!,'PPK(Q“)-“\”'(ﬂ)

M (nva\ JAANZ FoWPTA, (OIL,TUQN ADM, PHII,PHI“AX’R“

MAVFLIST /ZENPUT/ K wDrA.cnlL TU M.ﬂPV.Qﬁn“.TARV DH!I PHINAXRM,
1 . . K,0P '

P1=6,GEATAN(140). _— T
F=10.F+06 S . /

r

“ Th RTAD AND STORF DATA

i * . ) o
> PEAN TR, 1NN (NAMF(TYsT = 1981 . A "
PEAR (&4 [NPUT) : B ‘
REAR{ R, 200 (T(I’v"fl‘ol TiN)

f 1A CAVDTE SPRING ANGLE AND TRAP ANGLF'
s ’ . ' o, .
DO 3 1=1.N" . ‘ !
ARG =4 5¥COTL/SARM ‘ ' :




~ "

~ A

R

-~

N

3

rn

:-

o

10

6

10

10

TN

In

ALPHA=ATAN(ARGY ) | '
nnn?=sonrttSnnua*g)+teo.slcorL)*n7|) .
ARGA=.5%5(1) /ARG) : '
GANMMA=ACNS(ARGT)
nFTA(!J=?.0*(PIIR:O-(ALPHA+GAMMAIl

. !
ARGH=.5%*T (1) /TARM . -
7HETA(11=2.0xA51N(ARGq) : '

CnNTINUF ' e

(ONVFRT DIVFNQION OF ANGLF (RADIAN TO DFGRFE)

nn a I=1sN
RFTA(Ii"PFTA(])*lRO /Pl
TurTn(li-anTn(tl*IBO /Pl
CONTITNUE . ‘

STORF ORIGINAL DATA TO PLOT T
NO § [z=]aN

CALL PIOTPTITHFTA(II “FTA(I!;35)
CONTINUE ~

234

CALL SURROUTINF LFSO TO GFT POLYNO“IAL APPROXIMATION

CALL LFSO(wORK»CﬁFFoTHFTA.PFTA.Q,NJ -

DA A T=)4M - d

anntl:-tnFrtlw + COEF(2)XTHFTATL) + COEF(3)#(THFTA(]) %85
1: + COFFC4)*ITHETACLI*%3)+ COFF(5)%(THFTA( ) %#%4)

CONTINUF

STORF SMOOTHED NATA TO PLOT

no 1 1= ] N
CCALL PlnTnTtTHCTA(I)’“FTﬂ{lls3°l
CONTINUF <

cAaLL QURROUTINF FPRFD TO GFT THFORFTICAL FNFRGY

CALL : EPPFD(PI HETA;N;PHIvDANGvENGYolKoEMAXi

GFT TH’OQFTICAL FNFRGY AT A CFRTAIN JAW OPENING

.

DO 8 I=]sK
FYP‘C(I’-FTARLf{T’FNGY OP(I)'N)

CONTINUFE

WRITF AND PLOT THF RESULTS

WRITF(&y 50)

WRITFE (651501 (NAMF(T},1=1,8)
WRTTF(A+400} (COFFLT)sT=105)

WRITF(.64+650)
WRITF(64300)

ARITE{As3RD) (I’T(I)oS(IloTHFTn(T)oBFTA(l)’DHI([)'DANG(I)l

| BT . ENGY(L)sI£1sN)
WRITF{A, s0O)
WRITF(44580) rnpcgﬁ,sxpectra,}=1.<1

” o ' ‘ Lo

s

Y-

o |



WRITRI6+5603) TlIKioFMAX é3é

. WRITF (6 INPUT) ‘ <
" CALL OUTPLT L - e @ S
WRITE (64450} ) c , . S
WRITE (631500 (NAME(I)}4121,8) ' S
c , =t :
NO a9 JT=14.N A
CALL PI”TDT(Ttl);FNGY(ll-h!
9 .CONTINUE
‘ CALL OUTPLT . - ’ - o
WRITEl6+500) : - 2 - ’
"WRITE (6+150) (NAMFJI)oI=198)

C ) .

. TN GN, RACK Tn FVALUATF MFXT TRAP IF ANY - .o . .~

‘ i B e

) RFAD(%;?SO) MORF o : -

IF(MORE wFQ. 4) GO TO 2 -

q : K -

0 FORPMAT{1HT) )

. 100 FORMAT(RALO) * ' : : -
160 FARMAT (SXys*TRAP DE%IGNATIOR*. 4%y 8AYI0y 7 RXg*br-— e ——— *). v
200 FORMAT(2F10,N) ) . o
rad EARMAT(T?) ;

100 EORVAT(Z/) o )

160 FORMAT(1Xy /15, TF1545 /) . 5

400 EnvaT(// 1Xs ®COFF, OF POLYNOMIAL =%, 5F18.6 /7)

450 FORMAT(/8Xy *ABSCISSA ., o o TRAP ANGLFE(CEG) %+ 33X, .
1. . ORDINATE % « o SPRING ANGLE(DFEG)I*s 3%, g
1 © . #(0 ... ORIGINALSY S .4 SMCOTHED DATAY*)

. “0C FORMAT(/8Xs ®ARSCISSA o o o OPENINGUING)y#s Xy .

1 ' . HORNINATE o o o FNIRGY(IN-LRS)*#)

560 FORMAT({1X, *FNFRGY(IN- LPSl AT ®y FS5e ?. 2Xs HOPFNING OF . JAY o o« o
1 o« o =%s F10.4 /) - T ; '

GO FARMAT LI Xy #MAXTMUM, FNFRGY(IN LBS:. JAw OPEMING AT*- FOohy '

.1 * [N, =%y F10,4 /) -

650 FORMAT(4AXs %NOJ®, 64Xy *NOM, opernn*. ax. *nrsr: nrw.*. 5Xy *TRAP
TANGLF*y 4Xs *SPRING ANGLE®y 4Xo #DFEFLFETION%s 5X» ®ANGLF %5 BX,
1#THFORETICAL*®, /16Xs #([Ne)*y 5Xs #SPRING NFCKUINI®, 4Xy #(LCrR, )%,
10Xy 2(NFG, ¥y TXy: *aNﬁLrtnfG.)*a 4Xoy 'DIFF.(DFG.)*- ?Xs #FNFROY.IIN

1-LRS) %)
c - co \
' sTOP T o
END. A _ .
SURROUT INE .EPRED(PT »RETAsNoPH1 yDANGIENGY s IKH,EMAX) = - T
' : * - (7.'\ ) " - ' -.I . : T °
DIMENSTON. PHIC1) sRETA{1)»DANGI1) $ENGY(1) -, :
COMMNN /AA/ r;ﬁoﬁa.corLoTuﬁﬁ.ARM.bHIi.ﬁHIMAXnRH .
c - s - . ' ' o
o DHII1)=PHIMAX ‘ .o
( B N N - R »
' 00 2 L=2.N. .
OHT{TI={RETAIN)+PHT 1~ BFTA(I)) S
2 CONTINUE , , S
€ T STy
olg 3.!=1.N a T e

CDANGEEY =PRI =PHICTY "0 - - e -



havd

2 CONTINUE o N o . ' .

C . $é3r =
.nphp=rﬁiwnlA**ﬁI/(ﬁh.*(COIL*TURN+? O*ARN111 0*PI11)

c - : .
ENGY{1)=0.0 ) ' o
ARG3= PHI(1)1#P]1/180, . : :
DO.& [=24N . . R
FMGY(I!-Q”*ARG?*I(ARG3**2) S LU PRI #PT /00,1 %%2)y /2,0

4 CONTIMUF - ' \ ' .

r .

€ FIND QUT MAXIMUM FNERGY .

C : /
FMAX=FMGY (1)

[K?I ' .
DO 5 T=2,N , .
IFLFNGY I} «LE. FMAX) GO TO 5
FMAX= FMGY(]) .
, Ix=1
& COMTIMUFE ‘
c B
. RFTURN SRR _ . o
FND . T : AN
C ]
: RUNCTION FTARLF{VAR.FUNC;XX-Mi '
C o

¢ VAR NISCRETF TAﬂrJLAR VALUF‘% OF THF VARIAHLF

C SUMC=NISCRETE TAQLUILAR VALUFS OF THE FUNCTION
C XX=GIVFN VALUE NF THF.VARTARLE

¢ w=NMUMRFR AF STATIONS OR TAQLF VALUES
C- FTARLFE= INTERPOLATFD VALUF OF THE FUNCTIO CORRESTONDING TO XX
e

DIVENSION VAR{1)) FUNC(1)
“NFNR=Ma] .
- DO 10 I= TsNEND
S OINT=1
TFIXX - LT VADIII
. 10 CONTINUF . : o ) :
+ Y1 FTARLE=FUNCUINT)IH{XX-VAR({INT))*(F NCEINT+1)-FUNCUINT1 )/ (VAR
T . T =VARLINT)) o .
RETURN' ’ _ "
FND ' -
v 6400°ENR. OF RFCORD .o
' chInFAQ TRAP Mn. 120

NDe XX oGEe VARLI+IN) GN TO 11

Trnv-p 1aﬂa,pH]]—?6 7soo,purmnx A9, 86 Q' RM ?.O'K ? OP ?.-&.:0.
w250 . "0, 7500 : S

L5000 -81?5 ’ i
“4e0000 - 140313
1.5000 12188 ¥
T, 0000 1.4063
2.6000 - 1,456 '
?.,0000 ?2.0311 : , : -, . !
1,000 © 2.8413 '
12500 02,0313 . .
1.7000 '3.,4063
« 750 3.6875 )

4

knu[prna.fnpp.no. 220 .



238

SINPUT N2160WDTAZ (25000 COTL=2443T8 s TURN=2,31203ARM=6,4375, SARM=5 45010 »
PARK=3 TIRAR S PHIT =380 216RPHIMAX=RT 1750, RM=2400K=330P =24 vhn s baF
7,0000 <7108 ) .

5,5000 «16RA

fre NOO0 141567

€, 0000 1.2750 '

A, 0000 L 1.57119 S " ,
L.EANN 1+ 7500 . et
£,0000 T P 0ADS ) '
1,000 ?2.10063

a,0000 . 7 22,7500 ’ - X
92,5000 3.7188" - L

3 0000 LRTS0 =
16000 4.R750 -

1.2600 © &,187%

L0178, 546375 _ S
1 ’
rnN[nrAR TRAP NO. 130 : .
4IVDUT M=DE WD TAR 3125, COIL=2.R750, TURN= ? 10O ARMEA L TENN L SARM =T+ 25N0,
M{I‘J 5.1967, DHH-"-O ‘5000;1”!”'\1}\)( 79.5C00, RMz2401K=33s0P =2 ¢ 1fiasHeF
10,0625 © 10625

0,760 ° 12500 . I
n,5000 1.3750 - AR oo P
n, 1780 15317 |
0LNNNN T 1 . AH06K : _
2,500 1.A540 . . o
@, 2000 ?.0625 S
7.5000 2.2813 . , . :
7.0000 2+37%0 o : v X v
f5000° ?«6B75 - ‘ -
£,7800 < 2,2780 o,
£L.NO0N b I-TX T | . -
R,ECO0 12,7500 | . .
£, 0000 21,5938 NP ' '
4,5000 23,8542 . . - .
hah 375 44,0000 e ] . ‘ . o
4.0000 4472500 ' : ' : T
. LRTS0 Ha43T5
J1.8000 4 R4I8
71,0000 & 42087 L | :
748750 5.5000 . R
5,000 feN313 _ - X : = :
7.2126 6.062% - B | . - .
2.00090 6«T1BR - . - -
1.2750 744375 . ‘ ' ;

LY . FND OF F!LF

] ch 107 0782

- N




APPENDIX D: KINETIC ENERGY CALCULATION PROGRAMMEe - FOR TWO

MEASURED ANGLES AND ONE MEASURED ANGII FRO
CONIBFAR TRAPS "

Deserirtlon:

The propramme first smoeths the input data and Comnugeu
the nominal Jaw Openings,_the closinp times. and the Kinetic
‘PHOPF19° or both the trap frame and the free end arm of"tho
spring at various Jaw openings. Some of the calculation methods

are explained 1in »ection 5=~ 2.

'

~Input: .

| The 1nnut parameters, and the subroutine: nnmes called
'are defined in the first part of the prorramme.
There areefour READ statements for
a) the trap name | -

b} the input narameters as listed in the NAME LIST
.statement v .

“¢)  the data of FRAME(I) ANCI(I)/and ANG2(I)

d) the MORE which is required for the. next.set
- of data 1f’there is any.

'The user should provide the data cards accordinp to the FORMATS.

T

.Outpuﬁ: AN "
- Number ‘of the measurement - - . ;
CUMTIM(I) Time elapsed to the jaw openinr (sec,)

ANG1(I) .Trap angle: moved (rad )

239
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OPEN(I)  Nominal jaw opening (in.)"
AVELLI(I) Anpular velocity of the trap frame (rad./sec.)

AVEL2(I) Angular veloclty of the free end arm' of the spring
S (rdd./sec ) . '

ENGY1(I) Kinetic enerrv of the trap frame (in lbs, )
ENGY2(1) Kinetic energy of the spring arm (in-lbs. )
ENGY(I)‘ Total Kinetic enerrv of the above two (1n 1bs.)

'OP(I) Nominal Jaw openin? at which the energy level 1is
required (in.)

EXPEC(I) Kinetdc enerpy at OP(f) g /

OPEN(IK) Nominal jaw opening at the maximum energy level et

EMAX Kinetic enerpy at OPEN(IK)

Also the prosramme plotd out the graph of the above three “‘
- kinds of kinetic energtes apainst the nominal jaw ooenings.
In the pranh, the characters "?", "s", and "T" renresent the

| kinetic enerpy levels in the same order.

i

: Other information:‘ | o |

‘ If the number.of the meashrements or the data 1s
over 200, the DIMENSION statement should be altered for the
‘.arameters whose arnuments,are 200, accordinpglv. It 1s
r"*’-'-‘quir'ed td.check the pri?ihal data carefullv because one .
blunder or unreasonable value could affect the whaole cu?ve
in the process of ‘the polvnomial apnroximation. If the values
of the EXPEC(I) are not reasonable, then the jaw Opening OP(I)
s not within the, boundary ef the table. The renulred computer

time for.2 sets of the data was approximht?ly‘9-?‘599°“d§ of

-



2m
/ ' i :
central pracessing time on. a CDHCGHOO computer, For the

purpose of reference, the programme, which reads and process

Hhos

*

only the data for the trap frame, 1s llsted supdrnteiv

>
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anT TR0, ‘ : ' , \F\‘ ' B

STTeTH AL P, el T ) . . 21.'2 YI Yo Jo

,:c;y;[ [R=UACLIR)

LA

. 6400 FND OF RECORD :
PROGPAM TST LINPUTNUTPUT s TAPFS= INPUT , TAPEG&=0UTPUT)

1

l wpprant¥ o wne VINETIC ENFRAY CALCULATION PRnnpA"__rno TWN MEAQHRFN AMGLFQ

; FROV conlnFAQ TRAP -

{

C ' ¥

roEERY nrrINITI“",ﬂF IMPUT VARTARLES *#xx

. :

f mAvE = TRAP MNAMF

r DYST- = NISTAMCFE FROM FULCPUM TN nUTFR FRAMF([N]

; FRTIAY 2 MOVENT AF [NEDTIA OF TRAD FRAME(LRS=<N.IN)

rooeRTIAY = MOMENT OF INFRTIA NF SPRIMA ARM {{ RS_SO.IN)

Fom = MUVRF? OF FXPOSURFS CONGINFREN .

S = ANGLF OF JAW MFASURFD AT LAST RFANINA Or ANGULAR . MOVEMENT{DFG)

< aUSF = TIMFE RETMWFFN PULSTS ON FILMISFC) - T

S ppanF = NUMAFR OF FRAMES PER PULSE [NTERVAL - ) 2

cooANOY = CIMULATIVE AMGLFS TRAVFRFESED FOR TRAD FRAMF(DFG) )
ANGD = CUMULATIVE AMAI EQ TRAVERFSFD FNR TRAD SPRINGINFG) .

F e = §UMAFR AF SPRING AN TRAP : 5

- e = MUMRER OF ADENINGS AT WHICH THF erRrIF< TO af anCHLATrn e

- P = OPFNINE BR JRAP AT WHICH THF FNFRCY RFQUIRFD ‘ o

©onenE = PUT 4 INGL2 FORMAT TO RFPFAT PRNCFSS FOR MEXT TRAP

TOSEIAUTINE LTST CALLFR o

TORNIPT = STORES NRNIMATFS AMD ARCTSSAS FOR PLATIILIR=ACLIR)
AITPLT = DLATS AMD BESTRAYS AL STAREDN PAINMTS ( [RzwACL TA) .

+ g rea = TN FIMA Tuc | ©A&T SAARE.- FIT NE A ST OF PATMTA (X,Y) TN A CHRVE

Y=F (X} PALYNNMTAL OF A GIYSMH DFAG(IN THIS CASE &) [M-X(LIP=MACLIR

SeRAY = TO COYPHTE-KINETIC ENFRGY (PRIVATE PRORRAY) S

TRI = TRI® THE INPUT DATA ANG] DISCARDING UMREASCNARLE ONFS(PRIVATE)

FTARLE = SURPRAGRAY FNR LINEAR INTFRPCLATION F20M A TARLE OF VALUESIPRIVAT
. : !

f\["f'MQYﬁl\l MAME LR ) JFRAME(DCAY yANRT { 2NN A'\‘If"J.(""“\qu"r(?n_O).

oY JOUMT (200 ) y AYCT Y (200 JAVEL 2 (INN] (FARYY (AN, ENRY I [ 90N] ,
ot : Fvnvta“OI.nnrnt7nn).ﬁncﬂi.rqorrtﬂt.r“th1ﬁlo”“Q’t““)~

* -

1 COFSL10)

COMMAN ZAA/ FRTIALWFRTIAZWRM : .
CACELIRT ZINDUT/ DI%T.FPTIA]sF°TIA?vN WRIAS,PULSE 4RM, K, 0P

01 = 4J0%ATAM[T1.0Y - . /
ZEAD ANN STORE PEAUTRFD DATA

CHLE OFAN (B,100Y (NAYE({T),T = 1,R) A
TFAD(S,INPUT)
CPTARIRL102) tFRA"EIII.ANFI(II'ﬂMr?{I).I“lsN)
SET=AMGY (W) :

CWOUTF. TINE TAKEN BFTYFEN F1LY rxpn<uﬂF,/ANﬁ”“"UL“TfVF TIvF

TI'”-'('I) 0.0




. YOCUMTIMI1Y=0.0
Co NO 6 T=24N -
, TIMF{TY=DII_&F /FQAvc(g,_
(UWTIMCI)-(UNTIMII-I)+TlMF(l) -
4 anTIMUF

;WN_T
Sl

¢
¢ «vanTH THE CURVE OF !NDUT DATA ANGI(I] AND REDFF]NE A.

¢ PY USING MACLIR LFSQ (LFAST SQUARE ADPROXIMATION)
¢

(G1LT) ACCORD TNGLY

CALL LF%Q(NORK.(OEF-CUWTIM ANleSaNI
~ L ANGT(11=0,0 _ i S . '

PO S I=2,8 & - : v %

ANGILT)=COFF (1) + COEF(21#CUMTIMUT) + COFF(a)®(CUMTIM( ) #82) -

1 + COFFL4)EICUMTIMI T %R3) 4 COEF(S)*((UMTIN(II**al

1 - COFF(6!*(CUNTIV(I)**51 Lo
. 5 CONTINUF , ; - '
c T ‘
RFNFF INF THF nlns ACCCRDING TQ NFW VALUFS OF (UMULATIVF ANGLF

. 4'1_” o < ' T e V
- ALASE %FT ANGT(NY +RIAS - A : w

© T IF(RIAS .lT. 0.0) RIAS=0.0 - : :

2%

SMNOTH THE cuvve OF INPUT. DATA ANG?(P) AND RFDFFINF ANG2(T1) ACCORDINGLY
PY USING MACLIB 'LESQ (LEAST 5CUARE APPROXIMATION! ' | .

TY Y S

f CALL LE%Q(NOR('COF%oCUMTIM.AN6295vNI Lo ~
ANG2011=0.0 - . e . : ‘
nNO 6 1=2,N ’ ' S
A“ﬁ?(1) (ﬁFS(])‘+ (PFQC?)*(U”TIM(II + C0f§(1)*(rUMT]V(|)ii?)
Y o COFSUAYRITINT MO #%3) + rﬂFS(ﬁ)*IrU“TIPIIl**a) : S
R + CORSIEI®LCUMTIY 1) we5y "t 7 ‘ SR
A (OMTIRUF _ o - - o
CALCULATE ANGULAR VFLOCITY OF TRAP FRAME(AVEL1) AND'. COTL SPRINGLAVFL2Y
¢ . ¥ - : . ’ - . : o : . -
~ AVFLIL1I=0,0 R o S §
AVEL?I])’:OQO M . s - . YL v " - . P
N 7. 1=2sN. ) - . A . i
'OA\C&-LANCI([)—A&GI( ~11)/2.0 S e
AVPt1(L),DAuG1 *DI/ (180, #TIMECTIT . : .
PANG? = EANG? ( 1 ¥=ANG2(1=11)/2.0 L \ A
AVEL2 { IV 2DANGP#P T/ (187, *TINF(P)I '
7T EONTINUF

T

o

™

, SURROUTINE ENRGY covpurss KINETLC FNFRGIES B R

C ' L '
' CALL : ENRGY (N} AVELl AVELz.Fqul.rNsz.FNGY.IK,ENAxa

1 ot . ) . . o
CthULNTF THE INCRFMFATAL JAY OPENING ~ ' © | Ca .
L '-:‘ Dq R I ] 'N 2 - . - ’ ‘-‘ . . . ‘. L] X . ‘. i

. ARAG= annltnl+n1ns ANGlllll*Pllt?.!lBO o .

.2 OPFN(T) = 2.0% DIST *SINiARGl! , _ t .

@' CONTINUR : - <L - :
rn“pure THF ENERGY LEVEL AT CIVEN OPCNING(BY INTERPOLATION)-‘ e

™M

| f\ -y

¥

no Q9 121,k ™~ ° ' : R _ -
FSPFCII) FTaRLF(OPFN FNCY &521’-Nl . s T Tty




a . Y . . . ) . . ] .

¢o CONTINUE- % T SRR

F- e
( o Y . . 5,. . ' ' N . .c.' iy .
¢ WRITE OUT THE RESULTS.» 7. _ -2k
f ) . L1 A ‘ -
" CWRITEL6s 99y | ) . . o,
- WRITF (6+104) _ S | C .
. WRITF_ (6s105) (NAMF([)y1=1,8) ~o S
Yo WRITF{K104) .. o . N
CWRITF(65103) (COFF(T)s1=146) S .
WRITE(69114) (COESILYoI=14%) - N \ :
T WRITFU64106) DIST:FRTIAI.FRT]A7 Ns PULSE »a
| WRLTE (61104) ) | Ny ’ NGIINI-RIAS:CUM*&MFN)
TWRITE (64+107) : Lo .
O WRITE (6s104) 7 ‘ I o -
: WQ[TF(611OR) (I-rU“TI“(!).ANG1(ll.OPCN([),AVrL1(1}.AVFL?(])- Ca
1 FNGYIUT)SENGY2(T) sFNGY
. "WRITE (65104) B EHGYLIT 121 4N)
- WRITF{6+109) (OP(I).E%PFQ(J}.] 1 K)
S WRITF(6+110) OPEN(IKl'E“AX ; .
C
e qrnns~rna nnrA AND PLOT OUT
'r‘ l Fl
. on 11 I=1sN - \ .
© CALL PLnTDTtCUMTIV(II.anYtI) 4) ot :
11 CONTINUE : ) .. L . BEES :
CALL OUTPLT oo ' o
CWRIFTE(E,111) . . R ' .
- . WRITE (651951 (NAME(I)}s1=1+8) i
'--r . “ ) ' \-...'.J
U OO 12 T=leN. - ¢ o ‘ D :
. cALL PLATPTINPEN(T1sFNGY () 140} . f
. .7 ‘CALL PLOTPTINPEN{T)sNGY] (4260 ‘ :
. ' CALL PLOTPT(C PFNIII.FNGY?(QB-39I . .
© 12 /CONTINUE’ s _ . S
. CALL ouTeLT S S .
W, (WRITF(6+112) S o
o WRITE (6»105) (NAMF(T)+0=1458) : c Lot
(‘ ’ . " ) ~- ."‘
C vt DN~1A [=14N ’ ' g ' ! ",
 caLL pLOTPT(AMrltri.rusvtt).ai . o
17 CONTINUE . L
’ CALL OUTPLT . ) ' Lo )
.. MWRITE(6,113) . ' L
. szITE (6.105) (NANE(!I,I 1480 ‘
(.‘n
€ 60 PACK TO THFE “FGINING OF THIS PRorRAw FOR NEXT THAP IF' THFRE s MORF
r . r
. "“RFAn cs.lolluonr . ' ‘ ‘ v
c IF{MORELEG.4) GO TO 444 .
¢ , , . L e . AN o
. 99 FORMAT (1H1} ° S T . -
.~ . 10C FORNAT!BAIOI S ' N ' AR o
.7 101 FORMAT (12) ' : . , " - ‘
T Y02 FAPVAT(AF10.0), ‘ : ' - ,
107 FORMAT(]1Xs ®COFF. OF FOUATION(FR&MFI ANG=F (CUMTIM) =%, 6F13.4 /{?

FORAT (./7)
FARMAT (GXy#TRPAD n:clamnTIﬂN*. LXe Pﬁlﬁ- / 6K 9 ¥

FORMAT (1Xs #NISTANCE FROY FULC?U” TO OUTFR FRAME(INY o o o s o o'’
..:i,FlO‘!s// . . . : '




. ¢

o .
‘x"fINF“T'“ OF TRAP TRAMF |nn(w~tn--p|.. " L#Auﬂo.lua
o s e w v o= %, F10, {‘. 77 & .
lko WINFRTIA OF SPRIMAR, IDH(W!(hllv).| " L"N—RO.IN)
e * & @ . e =". F1T w77
X3 XNUMRFR OF EXPOSURE CONSINERED
e s = W4 T10), /7
1Xs *TIMF RETWEFN PULQFS ON. FILM(‘F() A B
T Y rlu.f‘. j/ ~ . J ¥ . '
lx, HTOTAL ANGLE SWFEPIDEGY o o 'u |
¥ F1Cetty 77 ; _
1Xs RRFMATRING ANGLE AT THE £ND OF MEASURFMENTINDFG) o
« o = %y P04y 77 | )
1Xs *TOTAL TIME TAKEN FOR rnr qwr;p(cr(, . e e e e s e e

1
--_c_-.‘-oon.o-.

.
. .
L]

¢ o = ¥ Fl'-).hg 7)) . i e
u?xrnnbnrtlxg ' 5 . , : :
. 1#FRAME . CUMULATIVE  CUMULATIVE JAY OPENING  ANGULAR VELOCTTY

© TANGULAR VILOCITY ' KINFTIC FNFRGY KINFTIC ENFREY - KINFTIC rnrn(vu.
1 7. 1% ‘ - : -
1ANUSIRER  TIME(SFC) ANGLE(IDEGY ~t!~cur5} ThAP(P\D/ W C)

. 1SPRINMGIRAND/SFCY TRAPCIMILRS)  SPRIMGEINZL &) TOTAL ( [N=Li1e) )
‘lﬂﬂ FORMATCOIXy 12y AXeF 10,40 20IXC 10,40 PUTXeFI0H) 901Xy,

1 IO6XW 10,40 22y ' '

]00 FUR'ATllXO 'F“FFFY(lN LRQI.AF.‘o-FS.év 2Xo WOPFNIMNG OF JAW & ., , -4
1 o o =43 F1044 /), S 7 «
110 FORMAT 01Xy ¥MAX I FRFROY (IN=LRS) s JAW OPFNMING ATHy FO.h s

1 % IM, =%, -F10. h_/] . e . . : .
111 FORVAT(/6Xy *ARSCISSA o o o CUML TIMEUSFC) %y 3Xs
B o YORDIMATFE o o o FAFREY(IN-LAS)¥) .
112 FORMATI/&XY ®ARSCISSA o . o NOMLT JAW OPENTINATIM, s #y 2K, o
I - YORDINATE o . o KINFTIC ENFREY(T=TOTALSF=FRANI 5= ‘DRLN

16y LAS) *)
111 FOR”ﬂT(/5Xo"AR CI‘GAQ. .“..CU“. ANGLF{UFG).'o X

I ~ WORDINATE . o o ENFRGYLIN-LRS)*) h JVK,—fT—
V14 FORMAT (11X #cnFF, OF FAUATION(SPRING) ANn;F((UMTI"[ ey GF1347 7)Y C

c . ' . S R : .
STOP ‘ { ‘
.+ FND ‘
C . _ : - : ‘ )
sunnnurlnr FNRGY (Ns AVEL1 s AVEL2SENGY11ENGY25FNGY, |
C .
' DIMFNS 1ON. AV‘L!(I),AVFL?(II.FNGYI(II ENGY2€11, FNGYll! L,
. COMMON. 74N/ FRTIAL,ERTIAZRM o
C _ :
. Ql1'FRT1A1/(l?.*3?.?I : : . o .
: RIZ=FRTIA2/1124%32.2) S . ,
¢ : . . . . Y h ’ o

9 .
¢ COMPUTF KINETIC ENERGY

DO-3 I=1sN - &L ‘ : N
ENEYI(T) = PIl*tAVFLIIII*l?l' .
FNGY? { [)=RMXDT 2% (AVEL? (1} #%2) , -
ENGY.(] )= FVGY&:I)+FNG 2t :

‘ 1 CONTINUF S '-7{  - .
g ‘ _ _ . |
C FIND OUT MAXIMUM FNFRGY - (4 - ) )
¢ : o D -

Fuax=EnGY(1) .

e=1" .. -

DO 4 -T=2N . : ’ o \



b T T T S e W |

.1-}

. all
. ! : AN R
Lo {
IF{FNGY LY JLF. FMAXY GO TO 4 . .
FMAX=FNGY( 1) . " -
1K=1 - \ .
4. CONTINUF
. a - Y ' b *
RFTURN
an ‘;*‘,}."Fh.
FUNCTION FTA“IF(VAR.FU\CaXX-M)
VAR = nlﬁranr TA"UIAR VALUFS OF THE VARTARLF \
FUNC=DTSCPETE TARLULAR VALURS OF THF Fuucrlom
XX=GIVIN VALUF OF THF VARTARLE _ S .

S STWLLE2 T o =B Al ol "T!\T!ﬂ'\.w OR TAALE VALUFS «
FlanLE = I"T"‘RPPI-!\TFJ) VALU‘—' NF THFE FUYNCTITON ('CPRFQTO‘\IF\ING l’O X)(

NIMENSTON VARITYs EUNC(1) o | <
NEND=M=] : oo . : -
.. DO 10 1:1sNEND : o e
i ‘IFtXX‘.LT. VARLT) oANDs XX oGE. VARET+1)) GO TO 11
10 comTINUR : »
“11 FYAOLF= ruwc(:mrw+txx VAR(INT))'(FUN((INT+1) rHN((INTI!/(VAD(INr+

1 =VAR(INT))

RFTURN \ & . . .
“FND . ¢ S .

660C FRD nr RFCORD . L '

. FNpiOE r(Lr_ e - : ' fa _
: ) . 'Y " - CDh TOT 0264 )
, X . B )
\( ] . . AR j L
B s
- ) ~ L 3 '
! - - LY
.. )
{ 3 ‘ "




1w
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[N

|'\‘| ]tl I|| '."'\('I t'l’ - . '
ll.l‘. ? -
' PR LEAN B YT AN A TR 3 uf of alat o c v
|.|-,‘,_|_.,\lq T L TMDUT AT s TANE G IMDIIT y TADEA-NLITONT ) "
APPEIDIY YRR P IDCTIC PHERGY CALCULATINN PROGE AN -FOR DN PEASUEE DY AN T .
' a FROV COMIAEAR TRAP ' :
' : .
crue DELIPITION OF JINDUT VARTADFC wuwes ' - .
SRR ofRAn pANE : v ) . - “.
NER DITAMET Coare CH eIV T AUTED FRAME M) ’ ’
VLA COMREIEAT NE TREPTIA OF TRAP I PGR-0NLTN)
L om S MO AP FYPOSUPES CONSIRERFN ' :
npats v ANGEE N A e geynrn AL L AST READINA OF ANCIN AR RV TR AT S |
I JIVT OE[urrs Py are AN ErEaNare) ) '
. AR SRR OF FRAME A PR DL INTERVAL
LA SOCHEMLATIVE AN P TRAYE RO AR (RG] ' ‘
s ’7‘ IR LRlal M) nr'nprmrmﬂq:ﬂT MR THE [arRe e Ta BE CAPCHEATED
e S ADT MR AT TRAD AT MU]CEE TUE FReney BEAITRT D L
, Tt YT 4 TN D EARMAT IO, PUPEAT PROCESS £AR MEXT [PAD
. - " . [] ' ' .
B * f
NTLNSATR D Saki ll'l rﬂllrh
prpoocteed .'rﬂrlf n"nl”ﬂqu AND ARCICORS FNR Plﬂltll“-“ﬂfilni *
AUIDL T - OPOTT ANMD REATRAYS AL RIARER DATMTA L [naAGtr ]y C :
-1‘.,,. T M Tpe P racT sptiane cpT one A CPT NP PATMES (XeY) 0 A CHRVES
2 S Yo O X) BALYAANTAL A A CTYEN DO TN THES CASE By I X1 Th-nAct I

Pt Y - 10 (-nup”Tp VIM'—T'( Fmrpry (l‘|\]\!p[f LAl N SR ' ' .
CIATTT L GLHEDRAGRAN FOR 1t“rnp [NTERPOLATION FROM A TARTF OF VA!H'H(SFIVA‘

L

urunmﬂrru m«ﬁrtni.rnh"ftbﬁﬂkiﬁ"ﬂl '”9(1}'“”ﬂtjnn}'r1“'(?an'
v ‘ AUMT IR (ANO) AVEL (200, AYHFUCY (20N NP E2AN],
1 CEAPEC ) (COFFLI0) Ry ( R0) ' | o
WAEL [T ZIMPIT/ BTRTERTIALN (ATAS P, vyne D
‘ Coe v S L | S
DI = L ONATANM{10) - C o ' -
: - o - . S
EEATAND GIART - RFOULIREDN DATA o R
: . ‘ . / D {
i “lnn"(“qlﬂﬂi (MAPF(TJOI ='].H) ' < ' |
S PUAR(E [NPUT) ’ o0 . N
L DVAR(S,100) L.nn"rtlloﬂN’ltl"""”’. A i
IRAR nrr1¢q1 o _ . . ‘ '
. \ . L ' o
n*(ni. ?Iu: TAKrM AETWF N cer rxnnqunrr AND CHVIILATIVE TTMF o
(- ) , - ’ i L -
P (1)=0.0 - . ' - \
COreTI (Y v n.ﬂ_ ’ . . T . |
ATaNNCA 329 VI / o .
TIrr (1) =PULEF /FREMF(T) : -
CORT I ([ 2CORTIVET-NNSTINFCT)
e rnmr{mur ' . e 2

-
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“nOTH THE r1mvu oF INPUT nnrn ANGTEIY TO &FT ANGLT Y.
HY USING NACLIR LTSN (LEAST sauape APPROXT#ATON)

-~

CALL : tFSOtNORKvrnrr'ruvrlw;nwnl.G.M'
S ANA(1Y=0,0 | | ,
DO A T=24N .

1 . + COFTLaYN{CLMNT MY 4 COFF (51 (cUMT [t ‘N
1 ¢ COMFLA)a(cUNTIM T sy~ ) CISEELTY

6 CONTINUF
C . . .

RENTEINT THFRTAS ACCORDING TO NEW VALUFS OF CUMULATIVE ANGLT
. . \

a~—

PIAG=SFT ~ANG MY+ TAG
TFIBIAS J1.T. 0.0) ATAS=0,0

€ CALCULATE ANGLF NIFFFRENCF AND ANGUL AR vaOCITY g
'S - . :
CAVFE(11:0,0 )
NANGL 1) =00 \_5‘
DO 7 1=24N .
PANGITY=ANGTTY=-ANG(]~1)
AVIEL (T1)=DANGLT I#PT/ZL180,%TIMFIT))
7  CONTFINUF ‘
CURROUT INF FNRGY COMPUTES KINFTIC FNFRGIFS
¢ . ; )
| CALL ~ FMRGY(FRTIAGNSAVEL o FNGY o TX s FMAX)
e SN o | ,
's cnchLATr,TuF INCRFMFNTAL JAW OPFNJNG
-
NN A I—].M
PHT - =({ANGEN)I+RIAS- ANG(!))/? 0y#P1/1A0,
OPENLT)Y = 2,0¥ DIST ®*SIN(PHI) : .
R |can|NuF -_' ' o
r- : '
C anPUTr THF rmrnnv Lfer AT GIVEN operNthY INTFRPOLATIONl
- )
DO 0 I=14K T o
o FSPFCLT)= FTrplF(nPFN ENGY »OP LI )N -
9 CONTINUE :
Ne
€ WRITF QT THF RFSWULTS
c . %L : )

WR]TF (6 900N, ./ .

WRTTF (6+1CH e )

WRITE (GQ@l05) (NAMF(I1s1=1:8) -
WRITF (64704)

WRITF (69172} (COSF(I1sT2196) :
WRITF(64106) - DISTHFRTTASNS PULSFE » ANGrN}-RIAS-(UMTI (N

WRITF(6104)
WRITFE (6,107)

WRITF (A,104) , .
T WRITF£107) (TeTIMFUTISCUMTTIMUT) o NANAGLTY Y

B

ANG{TY1sOPENLT) »

T AVELETISFNGY (DD T=1oN)
wotrrte.1oa1 '
_WRITE(65109) (OP(1),ESPECITII=10K} I

wRITF(b 110) OPFN(IKinF“AX




~ L.

¢ STARF THF DATA AND PLOT OUT : :
c . 249 .

no ]? I=1sN ‘

 CALL anTPTtnPrN(Il.FNrYt11.4)

17 CONTINUF

CALL OUTPLT

WRITF(As112)

WRITF (A+105) (NAMF(T)s]=1,R)

¢ .
¢ 6N NACK TO THF AFGINING OF THIS PRAGRAM EQR NEXT TRAP IF TMERF 1S MORE
g . : . .
READ (5»101)MORF. _ ) . oo { -
[F{MORF, F0 4) GO TO 444 :

an FORMAT (lHll : .
100 FARMAT(RAIOY

10 FOREAT (12)

107 FORMAT(2F10.D) _ _

102 FORMAT(1Xy *COFF, CF FOUATION ANG=F(CUMTIM) =%, &F12.4 /7)

104 FORMRAT (271 ' - '
. - !

100 FARMAT (6X»3TRAD NFRSTAMATION, ax. AAINy /[ By ¥ e mcmm - *)

176 FORMATULEXy ®NISTANCF FROM FULCRUM TO OUTFR FRAMFUINY o o o o o o o

o0 = %y FlINuty 7/ _ ) ]

W1Xs #INFRTIA OF TRAPEy 10HIWH{R2X3),03 * LAA-SN4IM) ¢ o o o~
‘.¢-=*|F]O‘§'//'. . ' '
X -#NUMAFR NF FXPOQUPE% (OMSIDFRFO « ¢ e o s s 8 8 S 8 o ®
%y 110, /7 : :

1Xsy ®*TIMF BETWFEN PULSFS AN FILMISECY « 4 % =2 8 8 8 4

®s FY1004y // . : ' '

1x9 *TOTAL ANGLE Q\HFEP(DFG, L] : L I . a8 o . & » . e e o‘ N
« o = ¥, F1n, he,l/ ' : o it
AX s *RFMAINING ANGLE AT THF END OF- MfASURFHFMTtDFCl ¢ s v o
e o = %y F1Q.hy 77 : :
’ 1Xs *TOTAL TIMF TAYEN FOR THF SWEFPISFC) o o o o o o o ¢
. = %y F1Ngtiy /7) - ' . '
107 FORMAT(]X. #FRAMF®, BX, #TIME TAKEN¥, ax.,*fumuuATIVFr. Xy,
¥ANGLF MOVFED#*s 2Xo *cUHULaT[VF*. 3X» #JAW CPFNINGK) 3Xy
#ANGULAR VELNCITY*s 2Xs #VINFTIC FMNERPGY¥s / - , .
1Xs #MIMACR¥, TXs #(SECI*, AXy BTIME(SFO)¥, AX S DR %, Y
AXs #AMGLFIRFR)*s S5Xy #{INCHFSY®s 7Xy % (RAR/SFCY)*» o
Py, ¥({IN~LRS)}*) : ’

10R FnR"nT{(1x, 168, &(aXy F10.4)s 207Xy F10,4% /7 }) _
100 FORMAT(1Xw» *FNFRGY(IN-LRS) AT *, F5 2y 2X» *OPFNING OF JAW 2 o« o &«
1 « « =¥%3 F10.4 /) !
110 FORMAT{1Xy #VAXIMUM FMFRGY(IN -LAS) JAW OPFNING AT*y F9.0y .
1 % INe =%y F10.4 /) ~ :
11?2 FORMAT(/6Xy #ARSITISSA o o W OPFNIMF(IN Yetts AN

-

- -
-*
1]

—J—‘-‘-—J.—l

1 ' XORPINATE o o o FV‘QFY(IN LRS)*) )

r, ’ . ' ;-__. -0 .. . : ! .
x " END . . B o e . ” |
C _ : : ' o

- SURROUTINFE ENRGY (FRT!AWNsAVELENGY s 1K EMAX)
C _ i o . - )

. DIMFNSION AVEL(112FNGY(1) . L | o

RI=FRTIAZ(32.2%124) ¢ .

C . . - . T | N

€ COMPUTF KIMETIC FENFRGY - ‘ L




'y250.

A 3 T=14N : T
FNGY (T )= R¥RT¥(AVFL (T)1wnD) -
T CONMTINUFE = - N
. .
¢ FIND OUT MAXTMUS FNERg
- , ‘
 FMAX=FNGY (1)
fe=1 : .
NO &4 [=2.N" .
IFIFNGY (1) LF. FMAX) GO TO &4
FMAX=FNGY (1) .
[¥=1 '
4 CONTINUE ° |

» RFTURN . . ' : ' I
END . S R | ' . _ ro

"oFUNCTTIOM FTARLE(VARZFUNC XX M)

VAR=NISCPETE TARULAR VALUFS .OF THF VARIARLF

FOMC=NTSCRETE TARUUILAR VALUFS OF TuE FHN(‘T]ON '
XX=GIVFN VALUF OF THE VARLASLE . ) .
M=NUMARFR NOF STATIONS OR TARLF VALUES -
FTARLE=INTFRPOLATFED VALUE OF THE FUNCTION CORRFQTOND[NG TO xx ‘ -

e T T Wi W L A

DIMENSTON VAR(])o.FUNC(li LN

NEMD=M-] :

PO 10 [=1,NFND’

INT=T. SR T :

TFIXX oLTe VARCT) oANN. XX oGF, VAR(IPII} GO TO 11
10 CONTINUE
11 FTARLE= FUNC(INT)+(XX VAR(!NT))*(FUNC(INT+1)-FUNC(INTIlItVAR(INT+ll

1.=VAR(INT))

RETURN

. FND o : - N , .
' .64C0 FND 0OF RECORD S e . o
' END OF FILF - A S . o

D TOT 021%°
i’ 1
/ ; , N .
/ .
N o "/
e l - i
- |




APPENDIX E: OPTIMIZATION PROCRAMME FOR THE FLAT. SPRING

- JACOB TRAP

o

Desceription: \

A

This proﬁramme finds the optimum design for the flat'

spring of the JacoUAtrap utilizing the OPT IP[TJ subroutine 2

SEFK 1. Prorrammin& information is explained 1n Section =T '
e - ‘
Most of the rormulas}and the anproximation methods UQQd in ¢

—t

the quhroutine EVLTN are explalined in Section 10-2, 10-4, 10-5'

J

“and 10-6. The same notations or.the names oF the notation are _
ufod where pnqsible. ) i
Input.: - ’ - ' ) -

| | The definitions,oﬁ the desipn variables and the

;input onrometehs.are Iisted 1n“the first gart of the programme.

‘1he other parameters in the main propramme aré defined according
to the OPTIShP manual,

) There are two, input . statements _
h a)' The DATA statement for the RMIN which remain

-qll zero 1n the case. . ‘ |

b) - The READ statement for the'narqmeters-es |

listed in the NAMELIST statement. - o L Z{//;

Output: ..‘ ' A ‘ | "‘-j - ‘

t

N~ - In addition to the direct output from the OPT ShP

“uhroutﬂne the propramme orints out :

M

The ' values of the design variables with their

definitions  an

PDEF: The int Z; horizontal deflection at’ the end or the free
g end arm, : :

¥‘  SEN TN 251 , — T‘.




/
¥ The hordzontal force at: the PDER

KD The hortsental force at rfull va]cctinn at Lthe end of
" Lhe rt‘t‘t‘ end arm,

YK The nprtng cdnntnntf
R Thv mwx!mum qtrvﬂw in the qprtnr. I ' g
FNRGY 3 Whv maximum straln enerpy atored in the apring,

Other Informalion: : . J

The penernl informntlnn 1« oxpln%nod In the rir.l

Qnrl of the qut1nn on - Othor Inrnrmntinn in Annvndix A. 1In

o

the quhrnutlno IVITN the’vnluo nr JUMP can ﬁv any Inteper ' S
numhnr 1, &y 3., Thiq iq Lhe slep ﬂ1?0 of the force inerementn.:

n, qul qton gtve will Vivld more nccurntv ronu]L whllo 4] lnrrcr

- numb er w]l} roducc the computcr,t1me,‘ Imnx fa net to nnn since
. ) . . .

the maximum horizontal force ranpe at the end of thv_fﬁno end
“arm Is belaw 200 lbﬁ;;in this casec.

} . .Thodavbrhﬁﬁ“cnmputcr flme-reauired.for a solutlon - L

wan 3% nee. Qontfnl'ﬁchdssynh time per runlﬁlth thb value,

TUMP | 56t to %, .on a CDC 6400 computer.

-,




AT TAN. . o ' . L
nTI"(“anTlcrn. ' . - - 2‘)3 Y1 Y.

FIM,
lnrrr.n|n =OPTISFP,
{60
' - 640C FND OF RFCORD .
PROARAM TST CINPUT,OUTPUT, TAPFE= [RPUT,TAPF 6 =DUTPUT)

.

APPIRATX XE ”PTI"I?“TION PRAGRA'® FOR THE FLAT &PRING--JACON TRAP
N DEFLECTION ALLAWED [ THE FRPF FND ARK ‘

1w “rFT“lTT”N or nrqtrw VARTARLFS #x#

.

-““PPﬁUTINF.rVLTN COUPUTFQ qTRFSE nnn FNFRGY OF THF qbalﬂf IDPIVATr)

I

¢
(
'
¢
s
e . _
N X(1}) = THICVMFSS OF I THF SPRING {([N.)
¢ X{2) = WIDTH OF FLAT SPRIMG (M)
c X{3) = FRFEE EMA ARMALENGTH ([M,)
s X{a) = BASF [ ENATH (]8,)
¢ X{r) = RFPIIS OF CURVATURE NF Thr CURVED PONTIOM - (1M
¢ X{h) = ANGLF nF THF CURVATURF (RAD,) -
c 4
¢ exnn DEFIMITION OF [NPUT DARAMETFRS ## ¥ e
¢ AL THE IMPUT PARAMETFRS SHOULD RF ARSOLUTE VALUES
(‘ - . - ‘
L6 JXIMAX = MAX. ALLOWARLF THICKNFAS NF THF SPRINMG (IN.)
T r XoMAX =, MAX. ALLOWATF WINTH OF THF FLAT SPRIMG (1HJ)
Py avAX = MAX. ALLOWARC FREE FND ARM | FNATH tlm.m,
€ YAUAX = MAXe ALLOWARLF RASE IFNFTH (INe) '
C XRMAX = MAX, ALLOWARLFE PANTUS OF rHPVATHRr OF THF CuRryen PORTINM [ IN,
¢ XBMAX = MAXe ALLOWAALE ANGLE 0F OqﬂﬁuwMI (RADG) e
r INE AL = "HART2ZNANTAL nrrLr(TInm FAR nESIGM (lN.l
c F = MODULUS OF FLASTICITY OF THE RATERLA| ( STAGIELTY
¢ ORI = v[n;. ALLMYARY F HFETOGHT NF THFE TRAP (M, B
X = MAX, ALLOWARLF MINTH NF TuFE TRAPR (!H.a- - \
£ STW = ALLOYWARLF PFSIAN - STRFSS (MR WARY [MA GTRFES) (1LRG/50, 1N,
¢ ARl < MIMIMIM REAULPEN FNFRPAY AT OF THF TRAP (TM.-LRR)
€ apuT = WEIGUT PER €U, [Ne NF THE MATEOLAL (1 R5/CHIMN,) '
¢ FINIT = MINe. REQUIRED HORIZONTAL FNORCE AT INITIAL DFFLECTION (L85)
o HE = MAX. ALLOWABLE DISTANCE nrrwfrn END POINTS@F THF FREF END AR
r: . . / -
-
r

AIVENSTIAN X{ 4, nunx( A].putmt A).X‘TQT( Ay Pullan).ﬁwl(1l'

1 WORY T ( 6)oW“"K?( AYWORY AL A3 MOPYVAL A)

s
. Creeann JANS x1qu,xpuax.xﬂvnw.xh"ﬂxoxﬂﬂnx + XEMAY

COMMAN /RA/ DEFM, c.HUIM'“UAx.<T” VP LyFLOW SONT FINIT oHE

C .

C MAMFLTST /INnnT/ x1vnw.x?“ﬁx x’"hx.xhvﬂx.yﬁvnx.x%vﬂx.
. 3 o N-‘FVI.F HMATA g WA AX o ST "'L”"aCD'-.'T.FI"l_IToHF'

(‘ - . . . . . 3 7’;' . B
NATA RPMIN /7 A * Q00 /- ' ~ : Lo

¢ ‘ . )

r fpt'"\r\" STARE ANDN WPTTF nUT PARAMFTFPS AS LISTED TN CNAMELTST

o _ _ $TED T
. nFAn {5, . INDUT) S : SHE
WPTTF (6, TNPUT)

PI=tO%ATAN(]40) T S | ]
< DL . . e SR -\
. C - ' . \ X




. ) 2514
¢ DEFINE ENPUT VARTADLES pccanan'ro DPTISEP MANMUAL "
(- ' -
N = & . ' b ‘
[ORIMT = i
[INATA = )
MeEnaMes T = 20 . %
NFALS = 0
F = o0 ! & r
.6 = .01 :
S MAXA = 100 ]
NGHNT = P R
NTEST = 100
l .
¢ AFNCRATE RMAX AMD XQTOT (STARTIMG POINT AF X(1Y)
C ‘ : \ , S :
RMAX (1Y) = XIMAX / . . R
! RUAX {2 )= XPMAX A .
PMAX ()= XAMAYX . -
RUAX(4) = X4VAX - _ ' _
BYAX (R = X5MAX _ : | o ;
AVAXTAHY= XAVAX . .
e L -

) S TATEC I IR I L > &
XSTRT(1)=(RVAX{TI+R HI“(III/? 0 .

;2 CONTINUF |

c | . loL
CALYL SUFY1(M, NEAX, RUING NOEOMG, NIOUS, Py Ay XGTPT s MEUNT, MTFST,
1 OMAXA [P‘G‘]NT’; ‘DJ\TA‘ Xy Uy PHL, PSEe WOPKYT, WAPKD, wARK Y, l{-!ﬁ'.‘v,ﬁ-\ .

r- .

CALL ANSHER (1, f‘(. PHT. DSTs Mo NFONS, NI
CALL CVLTM{X s NNEF g H, SV y Tq.anrv,rr-',pr?,

s i o . _ ‘
WRITF{64+1CC) ' /
WRTTE{As270) (X{Thal=1sN1sPAFEWFFY 4FF245¢43THTNRGY

100 FARGMATLI/ 2/ : _ " L . )
a0 FERMAT(GXs ETHICKNFSS AF THF SPRING (IMa) o o o o o =¥ F1S.6y 7/
e GXs #UINTH OF THE SPRING {INed o o o ¢ o o o =%s F10chAy /)
1 X ¥ERFE FNP ARM LENGTH (ING) "¢ o o o o s o =%0 G156 /4
1 §Xy #BASF LFNGTH (ING), vs e s s e s s s e s =8y FlBe6y I/
R | Xy ¥PADTUS NF ('U"’Vf\TUQF (TN t-% o o 8 wfs = ':1":'.‘\9_//
] 65X, ¥ANGLF OF CURVATURE (PADWY o o o oo o o =¥» E15:6.7/7
1 ‘6Xy ¥IMITIAL HOARIZCNTAL PFFLECTION (IMe) o o« =% E1%.60 /7,
1 6X, #HORTZ. FORCE AT ‘INITIAL REFLFECTTION (LES) =% F1%.6s 7/
“ 1 65Xy *HORIZ. FORCE AT FULL NFFLFCTION (LRS) .. =%y E15,64 7/
. 1 94X *CPR MG chC-TANT (|ﬂq,[\1" ¢« & o o o e o Sty F194hy [/
1 ax. ®STRESS [N SPRING [LRS/SQA.INY o e o o o =¥s F13:84 /4
‘ 5X| *!\'A:X']'-‘U-"f FNFPCY{ING-an, ¢« & 9 s ® @& .'. [ =-"’ F“S‘.(" /)
'y , : ' o .o :
STOR : i
FND ' '
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[ I N N S o

hUURUuIINE UREAL X U) a .‘ '
DIMENSTON X (1) | ) o Y

Uity JBBR/  DEFs EaHM TNy WAR s STwr P 1+ ELvw s SPWT s F IV T o HE

SUBROUT INE CUNST (As NCUNSs PHI)

[}

DIAENSTUN X(1)y PHI(1)

CUmmun / AN/ K1MAX s X20A K s X 3FIAX ¢ KAMAK 3 KDMAX 9 XOIMAX i
MmN /QHI DEFNlEtH“lﬁiwﬁAklblwifltEEPA}hfhlsFl“lI’HE

3

U FURCTTun 1S THE WETOHT ©F THE SPRING
Ux2.0oPwT * A1) % U A% (X (4 +A15 1% A 06 1) + (o5+X12)0"A13)/72.00 B,
RE TURN P ' AL
END ' ‘ . . .

ALl bruloN VARIADLLS SHOULL bL Ltgb‘lnnm MA$g;Q;L0wAuLL VALLLY Stl
PHIL 1) = XIMAX - x{il! ’ o )
PHIL 2) = X2MAX — X2} o 2
PHT( 3) = X3IMAX — X(3) : ' [
PHIA 4) = X4MAX = X(4) : .
PHIL $) = X5 %AX — X(5} -
PHI{ 6) = X6MAX — X(6) ‘ . ' o
AL DLSTON VARLIABLES ShHuuLb BL-PUSTTIVE /
< ;
XIMIN = X1MAX o - R
PHIL 7) = X(1) = X1Mlm '
PHI( 8) = X(21 S -/ s
PHIC 91 = X(3) R
PHIEIUY = X&)
< PHE(11) = X{5)
FPHIL12) = X16)
'l} AuBUVL CONb[RﬂiNlb mRE W SATILIoF lew AL L TRARY PunALlY vabkuld Alc uluig
L ]Ht.KENAIN]NG'CuwsTuAlﬂT; Tv §hvt CumPurtn lth-“twulbtp % LAEL Lyt
tvL TN, _ . o '
. : N
PO 3 I=1,12 | §
" IF(PHI(1) eLTe -1e0E-10) GO 10 4
3 CONTINUE : - .
CALL - EerNtx.ua.PutF.ﬁ.ax.bla.tm«oy.FF1.FF2!
‘BB HAS TU BE PUSITIVE AND LESS THAN xta) )
PHI(13) = BB - - -
PHI{14) = Xl4) - B8 : : .
(NERGYs STRESS AnD INITIAL DEFLECTIVe FurCk wESTRICT IV,
PHI(15) = ENRGY - ELQW
. PHI(16) = STw — SIS

-
3




F

PILCLT) = ABSGFFI) = FINIT " 256

C ) .
¢ Reu IR ICTION FOUR ntlunly wivin ANV visTANCL oLTatiN envw POINTS ub FRet Live
¢ CPHILIB) = H O -~ HMIN
PHLELD) = WMAX = 2.%(X{4)+X(5))
PHIL20) = HE = 2.%Xx14)-BB)
GO TO & ' . 4.
¢ - :
4 PO Y 1=139NCONS
CPHLIL 1) = =1l UE+1w o
h  CONTINUE . ) .
C i
- RETURN ' .
END '
C ' ‘ : )

JUBRUU‘[hL LVLTN(A*UU!PULFvHvbktb]o'LNNvafk1vFF£’

G
Cw b PI\U\H{'\M ls l‘Ul{ TH(‘. Fukee wlilLri s :\PPLILU n] The wnv Uk llu.. Lk FL
¢ At AnD DIRECTED KIGHT TU LEFT. ‘
C

DIMFNSTUN x(l)chsuu)QDEQX(suol,uﬁFV(SOOI
DIMENSTUN DEFXI%SUQJ’DEFXZlﬁbol:DEFYllbOClaDEFY2(500’ !

( X .
cubivdin BB/ DEFMsEsHIAASWMAA s STHIP L o Tl SH AT sFE Il T o HE
C , . _
" DO LY 1=196 . ¢
CUIF (X(1) eEue UsU) X{I1=1.0E-047
1 CUNTINUE KN
¢ ‘ . E
PHI=X(6)
RAD=X(5)
- ARC= x15>*xt6; - -
"BETA = PHI - PI/2.0 N
Bb = X(3i*blN|bLTAI - Alsl'CUb(UtTn‘ - o
H =  X{5)%(1,u+>INIBETA)) + X(3I*Cus(aernl . .
RI = X(21*(X(1) **3] / 1240 R |
. PDEF=HE/2.U = (Xt4)- BB) S o B
C ' L
C JUMP LS THE INCREMENT OF THE FORCEs ANU 1MAX 1S THE me. ITERATION ALLuwl
C _ . | . :
S rﬂUMP=5 ’ B " -
w7 g IMAX=200 - - o o
i J=0 . e /, | '
C TEST 1S TOTAL HORIZONTAL DEFLECTION ALLOWED - 4
TLEST=DEFM+PDEF - _
C - : L
I =JuMP ) R : - o l '\“-‘\'—‘~.—;—~——-—-"“""
* FUNIT= ~FLUAT (JUMP) : : :

A4 CONTINUE
C ' : P
C DLFLECTION DUE TO BASE SECTION OF THE SPRING .
¢ - T o
F(l)=. ~-FLOAT(1) ‘ T




- THETA = FLI)* H*xthll(&*ulj 27
UL[‘YI(I)_H*D[N‘]HCTA) + uul(cUb‘THLIA)_l.U' : . |
DEFX1CI)=H®(CUSTTHETAI=143) = bu*olndTH -
* cTA) + Fel)ups PP
1 /(2%E*R]) . ok FLLIRHR (A (a8 "D

o

»

c DiFLtCTIUN DUE TO CURVED secrlun UF THE SPNING
c*
RK.= Q(B)/RAD .

GY1-2 JH*PH[=J25%5 N2, u*vH1)+m~ N«*cub(PHli -

CX1 = o75-CUSIPHI ) +425%CUS (2, O*PHI} L ’ )
CY2 = RK*PHI = RK*SINGPHI. ) = CUSIPHI ) + .25*C05(2.utpnli +eT5
CX2 TeH*PHI =2, u*sINtPHl)+ 25*51Nt2 UrPHII .

CY3 = RK*PHI=CUS(PHI)+1.0 .

CX3 = PHI- SIN(PH[)

BETA=PHI-P1/2.0

FY=FUNIT*COS(BETA) - | o
"FX=FUNIT*SIN(BETA) . < ¥}
DELTA=(KADX*2) * trv*cY3+Fx*cx3) / LE¥]) | o -
DY=( RAD*¥3) % (FYRCYL+FXXCX1) /0 LERD) + X(3)¥SIN(DELTA)
DX=(RAD**3) * (FY®CY24FX¥*CX2) / (E*=I) + X(3)*(1,07CuSIDE-TA)!

C
DEF=SuRT ({DX¥*2)+(DY*¥*2) ) N
‘ GAMMA=ATAN(. DX/DY) = | : ‘

‘ETA=BE TA-GAMMA -
C R , : / oy - : . .
. .DYY= - —DEF®*CUSI(ETA} . 5 . o C )
DXX=- DEF*SIN(ETA) ‘ : .

IF{I «NE. JUMP) GO To 2 ~ T
pEFYZ&[l-DYY ' : . ‘ ]
DEFX2(11=DXX - . :

GO TO 3 e . , | |
© 2 THNTINUE E . Coan

- DEFY2(1)=DEFY2(1- JumP: + ovv . : ,

' . DEFX2(1)=DEFX2{1-JUMP) + DXX ‘ - .

C : . 3 - o ‘ . o Tip e
C COMBINED DEFLECTION OF ABOVE TwO . SR - I
¢ . : , ;

.3 CONTINUE

DEFY (I}
DEFXII)

DEFY1C¢1) + DEFYZ2(I)
DEFX1(1) -+ DEFX2CL).

h - ) -

c .
° C 70 DECIDE HORIZONTAL FORCE. AT lNlTlAL unchCTlON
< ) _
IF(J «NE. Uy GO.TO & = .
IF (AGSIDEFY (1)) eGEs PUEF[Ale
4 CONTINUE

BY PASS IF DEFY(1) REACth TV TEST
K

IF JABS(DEFY(I!I » GE"e TtSTl'GO TO 5

NaXa¥aXal
]

“TesT IF 1T REACHED MAXIMUM ITERATIUN ALLURED - -




[OETI

! ] L] .
) » ;."]H
( ".a‘ i
Lol UD eEWe TIMAX) GO TU 6 . .

[ , ' 4 ) : 0

¢ RIDEPING T THE. 3UNE TOURATION OF THE SPRING

( . . . . ' _ | . .
PHE=PHLCDELTA
RAD ARC/ZPHTY -

[ 1 eJumMp . . -
LU JU Il“ « N _ '

( : )

¢ ol SETIa thhuvtrrl AND kld ANL HUNI(UHIAL iUKLLs AT Tl AL A iy

N I:Hli(lll)N'I Ly . - S

(.

Y (UNI.I}NUL "~

R S LAY L o

U—. ' l' ||,Ul P 'LSJ' U.U) FrlfU'.U ( P *

CME2REELY ° o . ) - _
TLNRGLY S Auu(lll+!k2}*DLkM ﬁ o . C B
¢ - A ‘

( (glf-ll.'llli' - NAX. le(l JS(ISU\DIN(x AN THE SPRING .

( . N . b . - . I " .' >
RMAX = |f7*lXt3)+X(51; . R ‘; - PN
L ;A(_xtl)iip)ixl;) / Hev !

CAREA =, XULIRRA2) ; .
S 1L AHblhmAK![ +, er/AkLA) .- ,

oy .

¢ CURPUTE .bPI{[NG CUNSTANT ‘

(' ., " .,. 3 " ) . :. ‘

SK= ABSUFF2/TESTY . ;
. RETURN , X > o
.6 i CONT I'NUE - :

YOV SKI = = 1wUE+1V . o : .
NS £ - l-Ut+10 ' ' :
LENRGY . = = 1.0E+10 : ; o o, \

“FF1 = = 1.0E+10 - | ‘ ‘ .
Cte FF? s, - 1.UE+1D - ' * R
-G AV ' o . - i '
' R;IURN' R » : .
" LEND O 3
N o TUT 21 s
-‘- € - V i - T L] ot . -’ a
.. - k] « . . . R
L .' ' ‘ . “ ' /.:D' -
t'-;\ ] 7\ \ ¥ ’
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APPENDIX BT RIM OR .CALCULATION PROPW\MN! FOR TIE FLA

Desere

e

- JACON ﬂnnp T WlHlNu
< . :

Tition: o

The pnorrnmmo can be used to trim the spring

[ml1mi atfon ro.u1t nr Lo analvze the fabricated ubh1np of

1-’"" |‘:
. Fr\'f‘ 18
t e flPx1h]v free ond arm. 1he d1fPor0nc0 i1s .An quhroutinu

VL H.

1”'-—']'

fupul

Tpart

The u

FORMATS

Jnnh tran (flat nnrlnr). Two prnprhmmnn.nro'?ilbd. one y-}

he hrlnr wjth the rifdd free end nrm'and the nthvn wiLh

o
~

The former uses the f‘m‘mulnv in uoctinn" 1()-. , 10=14i and

and the l1atter, nections‘10-3, 10=4 nnd 10=-4,

R
o

The 1nput paramnterd arn dcrined 1n Lho ﬁsrqt

of the nrogramme. 'Thore are rour 1nput stntmqnts:

~a)‘lThc DATN statemont for I and SPWT.‘which-
remain the same 1f the material Is nglt charnped.

i b)) Tho READ statement of tho trap name.
\ . +
- e) _Tho READ statement’ for the desipn vart fables:
: X mx(, DEFM and HE _

H ~
.

d). The RPAD qtntomont fnr "MORI" for the next
- set ofothe dnta ifr there is anv.

3
spr'shoulﬁ provide the data cards accordinr to the

L3

uu't';nlut.:- . L

i | | Thn prorrammo printq;put‘tho'inngt data along
- : VA
w1th theédir dof1n1t1onq anda;. L o )

.

-

[



-

S co N . [ 00)
~ o I '

ARRRCE The Inttia) hnriznntnl dpp]pot1nn at the end of the Froe
end arm,

WY The hnr]znntnl'rorce nt“tho DR, :
P Thes horl'nntnl Forco at fu]] dv?lvgt;nn at the ond
of Lho free end arm, i
SR ﬂhn uprinr{rnn Lnnt ’ . :
-STS:' “'he maximum ntrg;q tn the spring

ENGRY @ The maximum straln enerpy stored in the spring.

.

e . The welpht of the spring.

SIRITOE !nrormntinn:

v The averare cnmnuter time uas 8 aec. central

\
Y f.‘
proee: .1nr timc for 3 nets of thn datn on.a CDC 6“00 onmputvr.

{(With the -value of JUMP set to 1 In suthutine EVLTH).

]

0 \ :
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-
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‘ ! p
)y !
X -
. . '
S
o - >
\
9
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B o 4
EENS
TN _
{
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) o
R
.
4
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.
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/ ' . o




AL . . ) . ' " | ' YI Y.
L - : LY I L
. | N - -
' (L0 CHN 0T Rrennn
PROCCAY TN ('N"“"""‘”m”"“"r":"”‘”hrf-vrr.-nmp.,"”
.. - ' ) ) ) .
Y A T | Yo oure Tnitt on rnl. i .’AT 1NN DOAroar AR THe o | AT '.l“‘{‘!.’.-—--‘ JACHTIN TIRA. )
- . . MO NDETLFCTION ApPLOWD TM T TREE PRy AN, '
@ ¢ ' ; ‘
. e PO IMITION O JMPUT PARAMETERY xawe
{ ‘ ce e
: ({1 THECENEAS OF T aprinn (1M,) -
' () - WIDIHOF AT SPRING (IN) \
¢ VA TREE MDA PG (1N) 24 -
: ‘\([fl‘ [T A | ur‘,r[l] { {A!.)‘ ; ' . \\ .
. X{n) - PERIUT A CURVATHRE O Tar cOnoypEp DontioN (1M, )
/ CXUAY - ANGLE NP THE CLDYATURE (RAD,) . _
S . : . . . LT .o
i B SCHARIZONTAL NCTLPCTICE TN TiF nleam (THet & N
| v = peptp it np FINﬁTIflrL AU THE AT ERI A (/700 M, )
N ) = WETGUT PEY Cy THM@E NP TUE MATERTAL [ 520t () .
{ COOHE . - MAX, AMLLOWARLE BIRTA JCF BETHUIENEND POENTS OfF TR FREE THD A
.- . . i - . . . .
] . . ! 4 . . "
RTINS B E XTI ol VI8 SU raipires CTNBAC AMN FREDAY AF THE ARnTEYe (DOIVATE ) =
! . ‘ . . i : ’ S
'nlurkzr_‘nu xtf,).r:,\nr(g) . . . A
( . 5 . . . . 1. o )
TCOMAN SRR/ DTS Ty OPYT 0T HE L i
ks o - : L e .o .
NATA FyobPut / A.E46. W28 40 A
¢ L. o : IR S 8 P
R | ~ . [ —l
“l'ﬂ-(r"-‘T.Ah}(I.r',‘ .. i } “ . B ) : !
( o : A

!.\41'1~!‘\‘-\!(r‘ v r;n] a,;f\nr.' )
T READIO VY)Y (XTI T el =) M NPFMHF

! L . . ) . : : N ’ ) -
"::II..‘).‘.:f.":r‘\-.'T'H- X1y v x(,””x“.“,x(.r,_)xx(f,n L(,r.;x?ﬂ):xtﬂlv.ﬂl_!‘ﬂ. o
N V-l FyL TAEX s R PDFE sl 6F o RIS FNRGY S FFIAFEA) T o

‘. . ‘ T AR T /

. ) . N ] . 4 I

f MR TTE (A 8]0 L _— - B T “!

i WRTTF(A«TROY NMAME S L T f’ '
VRITF (6 &7) o ' : . eNpeY S
METTE 6 a2 ™01 (XTT1s1=1 MY ePREF NTFEMAFFY aF T2y s STRaFNRAY ) v/

o T L o ¢ . 'J
L€ 64 vACK T THE ATGINING OF THF PROGRAM FOR-ANOTMFR SPTTOF DATA
. e ."‘_‘ ‘ o T . ) . . K ' ] ! . 0
‘ © READLS 4400) MORF o - PR '
PRI G FQ. 4) GO TO 10 |
¢ o L +
‘A r?.\l’."..'n]'(//) .
VAN FADUAT (TN, /27) ) . >
N FARYATAEATOD ot ) . . ’ = 16 .6 /
S rnggrlggl s THICKNEGS NF THE SPRING. [INe) o7e o » o 5':'L:;,£: /5 :

Ce gy, RWINTH OF THE SPRING [INed e e e v et ot e 77
v " gx, WFREF FNDARM LENGTH (1Red oo o o e e s 0 o
] , ax. l‘ﬁnqc~LFNGTl" ']N;’ L] LI e 000 ;’: r'!cl:(1g ,I
' Gy, AFADTUS NF CUPCATURE (IMe) e o .o o @ : Ty Fieee 17
1 I 6%e ANGLF OF CHRVATURE 7‘\' RAD ) _v'." s .0 '.. ! o - . g ‘\ -



\
SO
s s T, F]G.A- /7

] . 9 -‘*o-f]"’wf\n ,/
€Xo BHORIZ, FORCF AT [NIT1AY DEFLECTION (1PR5S) ~%y [1hetis /7

1 aXs ¥IMITIAL HORTZONTAL, MEELECTION - {IN.Y
!
1
.
1 Xy MHORIZ . FORCF AT FULL DEFLFCTION (%) o uwWy T1hethy [/
1 | |
1
1
]

Xy BADDTIONAL H(\D[{. PEELFCTIONCIN, )

X SPRING CONSTANT (LRSZIN R .
- o) * 4 9 8 s o e =M 15 /7
T BX,y # ‘ant‘g IN ‘%DHI\]G (LH(‘/(‘() lM} : " e e ,:.: I'}t:;::‘ 77
Xy WMAX MM FNFROY (INy = RS) o W . _.{ R rlﬁ.d:'//'

Xy WFICHT oF Tur SPRING (| RS . - ;
W0 rnRvATiar 0, 0) . AN LI S ¥y 15,6 /)

L 00 r?““AT(I?I

¢

2 falt

FND
c .

fUhhhHIer FVITM(X.HD PNFF 4HySK 4 &T 4 .rNan rr|,rr71
.

CoTHE DPOGRAM 1S DR THF rnR(r HHICH 1S APPIIFD AT THE/ an or Tiik LfFT‘rRl
OARMANDY DIRTCTED r‘lr-l"r Tn lrFT. - . - .

‘(‘
. NIMENGTAM X{1)4F {qn01 nrrx(qnna.nrrvtnnn,
DINFN\T(‘N DrlX]("00!.nrf‘\(;‘(i‘.nn),nrcy1(rnqhm ryY21500)
t _ ;
rﬁMl“(\N /M\/ DFFM-F-RPNT.DI;HF .
(' . . , -J
f‘lll")(fﬁll o - . .
Han-xtay . .- | R S
ARC=-X{RYuX{&) . o - ‘ oy
NETA = PHT ="P1/240 L e ' o
- AR = XM HSINIRITA) - X(S)IeCNS(AFTA) ' : . _
Moo= XUERIR()1L0+SINIATTANY #+ X{NKCOSIAFTAY . © el
LE X{?)l(X(i) {'1) /7 172.0 ] .o R : ] .'
L OPDEE-NE /2,0 = (X (4)-RA) a . . : ST .
s ‘ . ' . _ . : .
C AR TS FifE [NCRFMENT OF THE FORCF ) .
c R | . | - ;
JUNMPZ )\ ‘ - . ) S : . _ :
. J=0
1 ;o _
CHRLTE oT HFEADINGS
e : - ) Co
WRITF{6,5100) oo - . .
WRITF(4.200)
. - o
O TiaT 1S TOTAL HORIZONTAL: DEFLECTION ALLOWFD & S
) ( ‘ V ‘ - B . . ‘ : ' P W :
- TEST=DFFM#POFF . > : - ' .
¢ : i )
™ FUNTTE ~FLOAT ( JUMP) o - e ‘
. hh CONTINUF . ' - S .
L C
CNOLFCTION DUF To BASF SECTION OF THF SPRING :
c .. , R
‘ F(T)= —FLOAT(I) - _ ' . :
THETA. = FLI)%  HeX(4)/E¥RTY I :

NFEYILT) = PlQIN(THFTA‘ + nﬂu.(('F\Q(THf'TA!-‘I "”
CRFEXA LT =t (rAS(TURTATZ140) '.""‘Q'N‘THFT“‘”+ i

S S 2RERRTY - | L
c - - S e T ;ﬂ‘.‘
B - R - . " . . . . ’ . . \ '

,*ui(xcawwnvt_




T

N
3

) . ’ . )
o Bt ECTIaN DUE To CURVED SECTION OF THE SPRING a
r. i .
Ry =X (1) /RAD ‘
CY1 = P ¥PHI= 2R NSIN(2,OvPRTIY 4RV _RENCOS (PHI )
CXY1 = 6= COGIPHTY I (280 CNS{) OnpI] ), .
cY? ~ DYIDUT o RYSTNIPHT ) - COMPIT ) 4 o200enn(2,00PHTY 1T
CXP = VeRUDHT=ORCIMIPHT ) Eg 205 IN{DJONPHTY ;
CYR = REAPHT=CNSIDHT Y470 , A
X1 - PHE=SIMIPH]) : ‘
{ . {
RETASPIT=-PT272.0
.('.

FY-CUNTTHCONnrTA)

X-FUNTTRSINIRETA)
¢ s | |
PELTA-CRADXA2) ¥ (FYSCYNFXNCXy) / (runl‘&K o : -
DY =4 RADN®Y) % (FYCCYTRFXOCXT)T /7 (FARTY + XEDYSTNIDELTA)
DX-TRADXEA) & (FYSCY24FXuCXD) / (ERR]) XL%"V1i0~‘ﬂﬁlnl|IAr;

D =annT CINX N2 ) 4 (DY NI )y
CAMMA ~ATAN( DX /DY)

FTA=NY TA-GAMMA ' N
s } .
‘ nyYY= -DEF*CASIETA)
XX~ NEFYSINIFTA)
( "N, i !
/1F(I JNE, JUMPY) G0 TO 2
PEFY2 (1) =DYY b .
CnrEX2 iy =-nXX : . v
GA TO 1 : S
2> CONTINUF : R |
PDEFY2 (1) =DECY2L1=guMPr) + DYY \ : . "
nrrxyt:a-nrrxpcy-JUMpr + DXX _ v W
r. : " : .
r f““HINFn anlr(TION OF AROVE. Two f
C - .
TS contmoe _ . .
DEFY(T) = DEFYILT) + DFFY?(I!_ . : : !
‘ . nrrxv‘ = DrFEXTCT) + DEFX2CTY \ _ |
. C - e T S BRI N : -
« 10 DFCIDF HORI?ONTAL'QBRCE'AT yNITlAL ngrLLcrlnN T o
T ! - '. ' ,h . . )
TFGJ eNFe 0V GO TO 6" . L
IF (ARSUDFFY(11) «GFe PDFFY J=T o .
4 CdNT[mUF " T
(7 " ‘ .’l‘ ' . ' ’ '.'_‘-.-'-\ ) N - l'I
¢ ay hAq% ar anvil)_er(nF% To TFST ‘ e N :
o . ‘-", vl - ‘ :
o NQITF(69100) rtli.hrrx1b|1.ner7!l)'n'FX"‘-DF'YIF"'“FFY?“’f
oo . DFFY(DI) : '
. ’ ' - o
IF (AHQ{DFFYilii oGF e TFch 60 10 5 _ : p
r . .
r ”FanINF'an CONFIGURATION OF THF %PRING i

PHI=PHI+DFLTA
RAD=ARC /PHI
L 1=]4+JUMP

- : - T F ST §




Vot

Juh
( ; .o ) ) . : . o’ '
CLeaaellEE BIE CENERGYOEE T AND PP ARE HORIZONTAL FORCTS AT INTTIAL AND F INAL
CopEEE e TEANS) . . : ..
¢ . - .
o  CONTINUE e . . . _ -,
FEp-1 e ! .
[CEPDEE o' Ne 0,00 FIF1=0,0
fFro-rety ’, ) ) : _
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Pt R Ean CONSTANT _ .
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Ly _Ailf'.(r'rjllFSTl
l e
PN L ORRAT 1N, 7)Y 1 : . .
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. Evn oo TRDAP 1 {NFSIAN D) Fe¥ . E i e, ,
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TLTEVR B : ' ’ . ' RL” : | Y1l Y.

L ATTACRTATL ) _ ) - ' ;
R . ) - ol
p T IR EMACLTR : E : :
EATI | B ‘ : .
' 6LOD PN OF RYCORMY :
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Deseription: S e . N

The propramme-¢onverts. the hirh speed Pifﬁ‘roadfnns
lntn actual ’ slider poqitions of. the 1map1narv slrder crank

nechanism, (nection 12 5) and the crank anvloq are computed ' f"f

'
T

from the q]ider posipgnnq The anrular and linear velocitv -
nnd Lhen tho kinetic enerpy of the crank and the couplor 1ink’ - \
s a]culated rrom the chanve rates of tho crank anrles and

th a}idor nositions: The ‘equations and methiod s/ used in -

»ubroutine% ANGLE 1nd PNRPY are explainod in %ection 12-4.
" The kinetic enervv level and ‘bther output data are relatcd : ' VL

%o thiﬁjaw openinn numerjgally from the taple_read 1n.
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‘The input pnrameters and the qubroutines cailed.

':Tnputi

are defined or explained 1n the first ‘part of the prowﬁamme.'

Tﬁére are 7 READ statements:"

.-

v . + - a) The: trap name..

.bj' The 1nput parameters as 1isted in the NAMLEIST- .
- _statement N n__- : '

¢) The numher of expoeures considered on the.higﬁ_ ’/
" speed film (i.,e. data of 51) _ 2

L

' d)l'The data of PRAME (I) and S1(I).

e) The number of measurementq ‘of sz.

‘;-‘_‘ .
'

r)- The data of S2(I) ‘and OPN(I). - _vﬁ;-

-

g) - The inteper number for MORE,’ for the next set

of the data 1f there is any.
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qpecified FORMATS SRR PR SR
jﬂutnut ST ‘t"_-' e i P

R
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The prorramme prints out the ?{tlerahd alf the .

‘e

o tmi€ parameters with their descrintions alonp with the

_CAVEL(I):' The angular velocities of ‘the crank -

| SLVEE(Ij? .hThe linear velocities of the slldef

' S . . , _ 5 .
* OPEN(I): . The jﬁw~ang§:Fs 5 . . v
3‘ENGf(IT1_' "The total kin tic energies at the Jaw opehinrs T

e

‘¢

follodinp yalues L : 7 .-l,j
1 . '.Number of the data ’ R

-CUMWIM(I) Time eIapsed to the 1aw openinm

5(1): | The{actual slider positions. "743'

-Also 1t is 1mportah

»
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I“ * y . ’ o .‘ [

PHI(I) The crank apples

¥

-

QE(IQ: . hThe,jaw opening at which the energy 1eve1 1slfeouired”//’/
:ngﬁccllz | Thefkinetic _energy at OP(I) ? R . ;; | |
OPﬁN(lk) The Jaw. openinp at the maximum enerev 1evern "

bmax.:' : ‘The amximum enerpv at OiEN(lk) _ | i;;’ T

Also the propramme blots out two rraphs, the kinetic enerry 7

1eve1 ainst the tjme elapsed and the kinetic enerpv 1eve1
avainst 1aw\bneninp._ o "h ¥ _‘ - S - 11_“ o -
‘ cher iﬁformation A 27f oo . : i

- The user should review, it 1is surgested Subroutinel

ADJUST berore he providES the data from tﬁe h;ph saeed ‘film:

t to examine the film readinvs carefullv

e whole curve 1n the process ::_ s

‘}}since one blunder could affect th oce

oﬂ the Rolynomial apnroximation., R S .
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SUNMARY _ ey . O ~

., . . . C ' ‘-‘ .
' s . . L T R
& - The Department of Hechanical Engineering proposes to undertake SRR

. "~ . :
the third phase of the hun‘:ane!trap development programme in 1973.

[

The work will be undertaken in three part , - o
1. Des;gn, manufacture test and eva].uate Jacoh prototypes m.th swingmg,
almg-—type trlgger. . ] ' o - o -' -

Al
L0,

2. - Continue spmng optimization programme, and design mew springs for.

the New Conibear series. ~ ’ o r
FARS . .

- . x
"

3. Carry out an analytical study in an attempt to develop a method of

._prédicting the energy d'iagram' of’é.ciosing trap.

The project is to be cornpleted by December 31, 1973 and the |

total expendlture should not excead $6000 00 This will be catried out

as a graduate stqden}: rgsearc_h pr'o]ect in the Master of Mechanical -

Enginéer‘ing' design programme. CeTe ' .

‘Liason is to l:{e maintained with the zoological research prograxme ..
‘ . ' . . ‘ )

LY . -

ét Guelph Univerx\ity.' e \/_:

. . .
- - . . -

. .
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' HUMAME TRAP DEVELOPAENT - S
o _ A— U ¥
PROPOSED PROGRAMME - 1073 '

\) b . ) o N
INTRODUCTLION

et —mtin.

\ﬁ\ee4¥ large part of the work performed so fdr has inyéleed the

A ’, . . ‘ ‘
cvaluation of commercial traps and invantar's prototypes. Twenty-two

.dmffcrent traps have been evaluated for ennrgy, closing tine. clanp;nh

- force, pnylng force and genaral overall desxgn. Several of these have

-]
)

" been evaluaeed during underwater Operatxon as well,

Load

'desmgn of stirrup- -type sprzncs tq produ

Prototypes of the tiew Jacob series were manufactured ‘and

the detaxled design of these along’ wzth that of the New 0011bear-5erxes'

was studied with the aim of ‘optimizing the general oveball design in a

L
";'

qualitative manner, to obtain the best ﬁossible trap. Hany of"the
dGCIuLONS had to be made on an lntultlve ba515 because it was found that

there 'was no 1nfbrmat101 on the physmcal and behavioural characterxst!!s

L'of “the relevant anlmals.j

hd ¢

A prograﬁre designed to obtaxn thls xnformatxon has beeh

C . _J—

stavted at Guelph Unxvepsxty, and 1nfbrmatlon of thxs nature‘xs re-
-quired before. lntelllgent dec151ons “can be made for flnalxzed desxgn.

A callbrated varxable energy 1aboratory trap device was deoxgned and

built for use at Guelph 50 that zoologlcal studies can be carrxed out

_to determlne the mlnimum energy levels whitch must be. lneorporated in

a trap for a partlcular a11ma1 type. ' L L,

+

It was suspected that the sorlngs on certaxn trap series were.

ovgfstréssed and Z test programsme substantlated thls.. Somﬂ'uork was.-
_ ¥ .

qgrr1ed out ,on t“e develoemen* of-an optimlzatlon progranme for the

ce- the requx“ed amount of enarzy

-

for a traplln_the most'effxexept way .

i




e

. ' Y ) - - : ():

The work that wlLl be carried out in thlu third phasn u111 he

" a refinecment of the wdrk alrcady performod on the optimxzat1on of the g
Jacob Trao cohoept and on‘the optimizabion pbbﬂra&me for springs and re-,
dc'xpn of sprlnrs for thc Conibear SOPlGS as well as fon tho Jacob

- ’Series. Informatlon obtaxned from the Guelph study will ‘be rcquxred as

a direct input'to thxs,_and close liason w111 be maintained with Gu¢lph.

*
[

DESCKIPTION OF PROPOSED HORK e

1. After the design sfudy_was_carried.out on the first protdtype‘

. of the Jooob Trép a new concept involving a swinging, sling; _
. s . |-
. type teigger which should provxdc pood animal control has

~N-%

' been proposed. Qlthough thlSaWIll~bE dxf‘xcult to !molement

.
»
*

: practlcally, lt ‘has - suffxclent pqtcntlar to,warrant fprtncr

study. Further prototypes of the Jac ' dcsigo.will be

. %roduccdjwith tﬁis new thigger for full evaluation at HcMastcr'
and at Guclph. Also, c- typc trxgyers Hlll be desxgned and

‘tested - An anestxgation will be carrled/Gut in an attemot .

to reduce the probable hlgh engrgy loss of the exxstxng design

* .. for underwaxer operatlon. The overall dﬂsxgn of the Jacob .

Series: w1l1 be ootxmxzed wltH the ain of developlng tHis trap .

N ]

to'Ehe point, where it'may.be slassified as a humane trap. -

- . .,

: R
2. - The spring optlmlzatlon pDOgramme w;ll bo comoletcd and new
springs for the Conxbear ‘Series will be desxgned. The -

phenomanon where the trap jaws leag the motion of the ‘spring LN

sing motion will be investigated

“

-armps. in the earlj part of the clo

b

to detcrmine if this is an undesxrable cpﬂdxtlon resultxng in

a loos of strlsxnp poVer. 'If so, an attempt willk be made to

redes;gn the SYatem ‘to remedy thxs._ Opt imum SP?i“S design will®

also be’ requ;red for tho Jacob traps. | ‘ . oo




| i | e
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3. An analytical study will be cdrried out in an attempt to develop
a methoq vwhich can bt used to predict the enecyy diagram.of a'

. - closing trap. In con]unctxon Hbth the spring optlnzzatxcn

”~ P

'.programme this Ybuld e.%ble the desxgner to chdlCt the energy )

output of any trap being designed.

~
N < -
N ~ .

- BUDGET - 1873 . T AR
. F ‘ ' ‘ =
Overdraft, from 1972 - | _ . '$ 297.87
. - . : R ) . “-./ LI .
Student support—12 months ( $350.00 : - <. 4200,08 . ¢ .
. Computer timie — 2  hours @ $378.00 . 756.00
Supplies AR o © 300.00
Shop éhargéé ' - - . 22500
: . -l‘ - ¥ .
" Photographic work - © 7 *  100.00.
: " Travel % Guelph etc. . ““‘]\: T 1100.00
i Printing and. misoelldneous : " 21.313
‘ . S TOTAL $5000.00
'SCHEDULE « - | L : -~

The Qofk wili be carried olit as a graduate student research ,
projeﬁt in the Master of Mechanical-zngineérihg design programme,

“and will be scheduled a3 follows:

. . . ‘ # '
March,.Aprll . ; Programme to start on a. partrtlma baol;vblth a fevxew
Toe of preV1ous wo“k and preparatlon of dradlngs for . -
c o add tional protqtypes of Jacob traps. | )
May l- o c -'_-Prog;smme to proceeq,on a full-t;mp basxs . . -

. ) 3 Design_prototypes _ : - L o,
Ordar na;ermal "and equxpﬂert
Commence spring oﬁtxmlzatlo1 prograwwe

Ay t

A

\"-.

June 1 . - Hgnufactdre pro:otypeso

Continué spring optimization

[




¥ uly 1

« August. L

" September

A

.

-

P
’ dV:ll lable .

SS-E

rla

f
the Humana

A

_ REPORTING

4

f*”ﬁ' pePLOdlc oral reports be made to the Humane Trap’ Developnent Cosfittea

'rather tha

ensuré that the Commlttce is kept inFormed -of ‘the state of thc pr635$‘

and may influcncc its dlrectlon at crltxcal dccxsxop poxntsau

- Complete

. Redesign

297

upvtnp optimization progrnmne- )

FACILITIES

négzﬁtank for. underuater evaluatzon. larpe research’ computer and
a fully equ1pped machxne shop.
the Mcchanxcal Englnnerlng Departnent.

. Traps other than the(Jacob prototypes are to be suppl;ed from

" To ensure that progress is’ satxafactory it'is'éugpested that
I

springs for Conibear series

Commence analytical mathod for energfggtédiction

~

Commence test and evaluapioﬁ programme on Jacob prototypes

&

Continue evaluatipn and analytlcal progvamma

1l Begm final report and continue Egvammes as required

" r

AY
Equxpment and facxlxtxes requxred for the prognamme are presnggly

This. includes: a high- 5peed camera and film’ andlyzer, ,

-
Yo -

Sufflcxent }aboratoryaspucu exists in °

. -

»

Trap Development Commlgtee.
-

| . -

This prqccdure wxll
N

n burden the pro;dct thh paper uork.

<
.

"
’ ',

.L_ﬂf.

o

A

A

At the ¢omp1et10n of the pro;ect thc praduate student reacarcher /:;’j

will prepare a conprehens;ve thculs ‘on the work done. This theaxs or

!

(o

=2

abatract from it will coﬁstxtute the final repovt.

r
.
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