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JETS (Junior Engineering Technical Society)

JETS is a national not-for-profit education organization that promotes interest in engineering, science,
mathematics, and technology. JETS, which has served the pre-college engineering education
community since 1950, is dedicated to providing real-world engineering and problem-solving
experience to high school students. JETS programs challenge students to discover engineering in high
school. JETS puts students in touch with engineers, shows them what engineers do, and demonstrates
how the math and science concepts students are learning in class are applied in real life to engineering
problems. JETS programs get students involved with engineering and prepares them for the future.
JETS competitions and programs are held on 150 college campuses each year, reaching more than
30,000 students and 2,000 teachers. JETS provides a fully integrated set of math, science, and
technology-related activities and resources.

JETS programs focus entirely on developing real-life engineering teamwork and problem-solving skills
and providing pre-college students with knowledge of engineering careers. JETS provides several
opportunities for individual and team participation in activities that allow students to try on engineering
while in high school.

Students benefit from participation in JETS programs by gaining:

* exposure to engineering;

» experience with working in a multidisciplinary, team-oriented environment;

» opportunities to apply knowledge of math and science concepts to real engineering situations; and
» information needed to make informed decisions about careers.

JETS programs and resources include:

» Tests of Engineering Aptitude, Mathematics and Science (TEAMS);
* National Engineering Design Challenge (NEDC);

* National Engineering Aptitude Search+ (NEAS+);

* UNITE (a summer program involving minority students);

» Career Guidance Materials (brochures, videos, and books); and

» JETS Online Career Information and Activities Resource

TEAMS (Tests of Engineering Aptitude, Mathematics and Science)

TEAMS is a unique and challenging academic activity that enables teams of high school students to
learn team development and problem-solving skills and then participate as a group in an engineering
problem competition. Competition problems cover mathematics, chemistry, physics, biology, visual
interpretation of information, computer applications, and reading analysis and interpretation. TEAMS
presents the multidisciplinary aspect of engineering work by illustrating how the math and science
concepts students are learning work together and are applied to solve real-world problems.

*JETS, TEAMS, and all Logo and Emblem Designs are trademarks of the Junior Engineering Technical Society, Inc.

All I’Ights reserved. garomoting Interest In Enginesring,

®
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NEDC (National Engineering Design Challenge) is a hands-on program that allows students to
learn critical features of engineering while they create a new product. With the advice of a
teacher/coach and a volunteer engineer, teams of high school students design and build a working
model of a new product that addresses a specific problem or need. Teams demonstrate their model
product before a panel of judges and compete with other teams in a regional competition. The
winners advance to the national finals competition held in Washington, D.C., during National
Engineers Week.

UNITE is a summer program that serves minorities underrepresented in the sciences and math. It
introduces high school students to an academic experience that closely parallels that of first-year
students in a university engineering program. The program, held on college campuses, gives
students the opportunity to explore the connections between math and science and real-world
applications through academic classes, hands-on activities, and team-based learning.

JETS Guidance Materials is a comprehensive set of career information that helps high school
students learn more about careers in engineering and refine their general interests in math and
science into more specific engineering fields. The materials introduce students to real-life
professionals, describe various jobs held by engineers, and advise students on how to prepare for a
career in a specific area.

JETS Online is a continuously evolving comprehensive web-based career information and
activities resource for anyone interested in learning about engineering and technology careers or
helping students prepare for careers in these areas. Visit JETS Online at www.jets.org to learn
more about JETS activities, programs, and resources.

JETS, Inc.

1420 King Street, Suite 405
Alexandria, VA 22314
Phone: (703) 548-5387
FAX: (703) 548-0769

WWW.jets.org

*JETS, TEAMS, and all Logo and Emblem Designs are trademarks of the Junior Engineering Technical Society, Inc. M ®

All rights reserved. &
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2003 Problem #1 Roadway Design

TEAM+S
’ Contributed by John Barnhouse, P.E.

THETH DF EMEENE LENG AFTTTUGE PASaliie e ki B0

Ohio Department of Transportation

Competition New Philadelphia, OH
Answer c
R= 57;2:'6 (Equation 1-4)

DC =6.0° from Table 1-1

5729.6
6.0°

R

R =964.9 ft
T =Rtan (%) (Equation 1-1)

P-osaon (ST

T=61428ft

Answer e

T =Rtan %

R: ;
tan(l / 2)

_ 4501t

R o (7212)

R =679.88 ft

Russ College of Engineering and Technology, Ohio University, Athens, OH e T
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5729.6
DC=

(Equation 1-4)

_57.296
679.88 ft

DC = 8.43°
LC= (M) x100  (Equation 1-3)

LC = (724 43 x100

LC = 854.09 ft

PT =PC + LC

PT =220.25 + 854.09= 10 + 74.34

PT = STA. 10 + 74.34

Answer ¢

R = 5729.6
DC

3°45'=3.75°

R = 5729.5
3.75°

R =1,527.89 ft

v = 65mph

from Table 1-1
f-0.11

Russ College of Engineering and Technology, Ohio University, Athens, OH
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Problem #1 Roadway Design

2 2
V¢ % o1
15R 15(1527.89)

c=

e=0.074

Answer d

e=0.032

b=10.12

T=6501

Two intersecting bearin gs

1
N 30°15'E =30° + —5= 30.25°
60

N 45°20'W =45+ % =45.33°

[=30.25°+45.33° =75.58°
1 .
T =Rtan (5 1) (Equation 1-1)

R= 6501t =838.28ft

1
tan(E X75.58°%)

2

Vv
e= -b
15R
2
0.032 = ~0.12
15x838

Russ College of Engineering and Technology, Ohio University, Athens, OH
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5.

6.

(0.032 +0.12)15x838.28 =v?

v=43.71 mph

Answer ¢

A 045"
45015 6045

60°45" v 45°15

I=60.75°+45.25°

I =106°

Answer ¢

DC for 45 mph is 9°45'(9.75°) from Table 1-1

Russ College of Engineering and Technology, Ohio University, Athens, OH
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_5729.6
R DC

R= 5729.% 75

R =587.65 ft

T =Rtan(%)

From question #5, 1=106°

l (0]
T = 587.65t x tan ( 026
T=779.84 ft
Answer ¢

_
LC A)C*loo

LC = [106%750]* 100

LC=1,087.18 ft

PT Sta. = PC Sta. + LC

PT Sta. = [2+00] + 1087.18 ft

PT Sta. = 12+87.18

Problem #1 Roadway Design

Russ College of Engineering and Technology, Ohio University, Athens, OH alE e



Problem #1 Roadway Design
TEAMS

SiET OF CHGMIL FtE SPTTICT MATHTENTCE SN0 FITVCT

Answer a

PT(xy)
N 45°15" W
T=779.84 ft
y2
N 90°E 02
PI
X2
N 60°45" E
Y
PC T=779.84 ft
200 ft
0,
(0,0) X1

6, =90° —60°45'= 29°15'
6, = 90° —45°15'= 44°45'

y=y, ty,

Russ College of Engineering and Technology, Ohio University, Athens, OH
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y =979.84sin 6, +779.84sin G,

y = 1,027.79 use 1,028

X=X, =X,
x=979.84 cos 6 —779.84cos 6,

x=301.07 use 301

therefore, (x,y)=(301, 1028)

Answer b

f=0.145

from Table 1-1 DC = 9°45'=9.75°

v=45mph
R = 5729.6
DC
R = 5729.6
9.75°
R =587.65 ft
V2
e= -f
15R
45°

e= ———0.145
15(587.65)

e=0.085

Russ College of Engineering and Technology, Ohio University, Athens, OH
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10.

€ ... 15 0.083 from problem statement

Answer a

LC=[4c1x100 (usingequation 1-3)

DC=[Y{c1x100
_ 106
DC [AOOO]XIOO

DC=10°36'(10.6°)

Interpolate from Table 1-1

45 mph 9°45'

xmph 10°36'

40 mph 12°30'
45-40 _ x—-40

9.75-12.5 10.6-12.5

5(-1.9)

40 + x
~2.75

x=43.45 mph

Russ College of Engineering and Technology, Ohio University, Athens, OH
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Problem #2 Satellite In Orbit
TEAMS
. Contributed by Dr. Chris Bartone, Ph.D.
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Ohio University, Athens, OH

11. Answer ¢

For the navigation satellite to stay in orbit F = F,

1 km’=(10°)*m’*=10"m

GM, u km
V = = — p— —
° R, R, s?
12. Answer ¢
7 = 2R 220000) _ 1) 6310% sec
vV, 3.92
I mi lhr
= 41.60x10 *sec (——) X (—=—) = 11.56 hr
60sec 60 min
13. Answer b

2n
W, == 151.0x10 ™ rad/sec = 0.54 rad/hr

S

=8.6x10 “deg/sec = 31.1 deghr

T i e B e s e s e

Russ College of Engineering and Technology, Ohio University, Athens, OH mTTrRLOmT AT
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14. Answer ¢

= Year

t dark

S

. ydark — Re —_ s -1 Re —

sin (——)=— - =2sin" (—) =28.4°=0.496 rad
( 2 ) RS ydark (Rs)

o = Yo _ 0.496rad

* ty,  0.54rad/hr

=0.918 hr 03,300 sec

Russ College of Engineering and Technology, Ohio University, Athens, OH

Problem #2 Satellite In Orbit
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Problem #2 Satellite In Orbit

15.

16.

17.

18.

Answer b
h . =R, —-R, =26,000km — 6378 km = 19, 622 km
Answer ¢
Let 8=60°
R, =26,000km=26X10°m(GPS)

R,=6,378km =6,378,000m

R, =R +R.>~2R R cosd =23470km

Answer b

sin(E+90°) =cos E

cos (E) = RR—Ssin 6 - E =cos"(%sin 6) =16.39°

sr sr

sin(E+90°) _siné
R R

S sr

Answer ¢

360° are covered in T,

20° are covered in t

view

2x 6 120°
0 )TS :( 0
360 360

t

view(E > Emin) :( )X1156hr

11.56 hr. = 3.85 hr

W=

Russ College of Engineering and Technology, Ohio University, Athens, OH
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19. Answer ¢

ty=

12

Problem #2 Satellite In Orbit

R 23.479%x10>m
i 2[ - J:0.078sec

c 3x10™ ’%

20. Answer d

Let 2a = Beamwidth

R
a=sin"' == =14.2°
RS

0 2a =28.2° Beamwidth

Russ College of Engineering and Technology, Ohio University, Athens, OH alE e



2003

TEAM+S

TFEATE OF CAMITFING AFTTUCE . V™SOV T SN0 ECWRCT

13

PART I SOLUTIONS
Problem #3 Spin Ejection Mechanism

Contributed by Dr. Jeffrey Streator, Ph.D.

Georgia Institute of Technology, Atlanta, GA

Competition
21. Answer d
tand =P =204 __ ;06366
2~ 271(0.1m)

A =tan"'(0.06366) = 0.064 radians

As stated in the “Assumptions and Givens,” the length of axial travel is equal to
the initial compression. Also, the pitch is the axial travel per revolution. So,

22. Answer ¢
— axialtravel ]
#turns axialtravel
per — revolution
n= % _0.05m
p 0.1m

n=0.5
23. Answer b

A =tan 1 P tan! 0.04

21T 277(0.1)

1 cosA+usinA J

tan A sinA —pcosA  r?

= 0.0GBGradians}

Russ Coallege of Engineering and Tedhnology, Ohio University, Athens, OH
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24,

25.

m+ 1 cos(.0636) + (0.05)sin(.0636) | 0.08 kg -m?
tan(.0636) | sin(.0636) — (0.05)cos(.0636) [(0.1)  m?

M = 9,228 kg

Answer a

0.08
277(0.1)

A=tan? % =tan! [ } =0.1266 radians

tan A =0.12732

cos A =0.9919
sinA =0.12626
i —m?2
M =20 kg + — [ COS(1266) +(0.05)sin(.1266) | 0.08 kg —m
tan(.1266) | sin(.1266) — (0.05)cos(.1266) [(0.1)> m?
M =838 kg
Answer ¢

A=tan™ 0.15 =tan *(0.2387) = 0.2343 radians
271(0.1)

cos A =0.9727 sin A =0.23216 tan A =0.2387

M=m+ 1 Cf)S/\+,uSInA i
tan A ) sinA—pcosA |2

Russ College of Engineering and Technology, Ohio University, Athens, OH = =
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M = 20 ka + 1 cos(.2343) +(0.1) sin(.2343) |0.08kg —m?
g tan(.2343) | sin(.2343) —(0.1) cos(.2343) (0.1m) 2
M = 267 kg
3
V.=o, , = (0.05m). [2XLO"N/m 50x10° N /m
267k
= m
V,=0.684 A

26. Answer d

A:tan‘l[ 0.10 }:0.1578radians

271(0.1)
tan A =0.1592 cos A =0.9876 sin A =0.1571
M=m+ ( 1 ) c.os)l+,usm)l i
tan A°| sinA— g cosA
; _m?2
M = 20 kg + 1 c_os(.1578)+(0.05)sm(.1578) 0.08kg —m
(tan.1578) | sin(.1578) — (0.05)cos(.1578) |  (0.1m)?
M =484 kg
-3 N
3 ,50x10 *Ng
V.=9,,[— =(0.05m)4| ————~— =0.508"M
¢ %M ( ) 484 /S
vy 0.508M

f :_92—52508[‘6\
* p  0.10m /

Russ College of Engineering and Technology, Ohio University, Athens, OH alrEme
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27. Answer a

Using data from question #26:

V,=0508M/ f, =508reY/

- - rad
= w, =27, =31.97ad/

1 o, 1., 1 1 1
E,==mV,” += Jw,? == (20kg)(0.508M/)? + = (080kg —m?)(31.9 =)?
(=5 MV, 42 Jw, =2 (20kg)(0.508/)" + 2 (080kg ~m?)31.9 )

E, =43.3kg - mZZ = 433]

28. Answer e

M is infinite when denominator in equation (3-2) goes to zero.
Sincep #o0, thentanA £0.

Therefore:

sin A—ucosA=0=sin A= ucosA

stanA = =0.25

p=2nrtanA=27(0.1)(0.25)

p =0.157m = 15.7cm

29. Answer e

M =2m = 2(20kg) = 40 kg

Russ College of Engineering and Technology, Ohio University, Athens, OH alE e
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30.

M=m+ ( 1 )|:c03/\+,usm)l}J

tan A°| sin A - cosA re

= 40kg = 20kg +

1 [cosA+(0.1)sinA |0.08kg —m?
tanA|sinA-(0.1)cosA | (0.1m)?

=25=
tan A

1 |:cosA+(O.1)sin/\:| 1 |:1+(O.1)tan/]:|

sin A—(0.1)cos A " tanA| tanA-0.1

Let X =tan A

o5 LHODX

1
=25X2-0.35X -1=0=> X = g[0.35+ J/(0.35)% +4(2.5)

X =0.7063 = tan A
p=2nrtanA=27(0.1m)(.7063) =0.444m

p = 44cm

Answer ¢

2
£ =2k =1|Lks”|=L|L soxa0® Ny(osm):
2 212 o 212 m

E,=31.25] = 1 mv,’ +£Jwez
2 2

Russ College of Engineering and Technology, Ohio University, Athens, OH = =
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fezv—eand w, =2 f,

2
531250 == mV? +2 3@y =1y 2 me g 2T
2 2 o’ 2 02

2

31.25] = %Vez|:20kg +(0.8kg - m2) =

o ] = (167.9kg)V,

31.25J =
V., = 2=0431M/ =, /k
¢ (167.9kg) A °\A/|

, 0., s .05 )
:%A :(\%o) =M _k(I) _(50)(10 %)(w )

M =673kg tan A= i -1
2m(.Im) 2w

M=m+ 1 c'osA+/JsmAi
tan A| sinA —pcosA [r?

=
(M-m)(tan A)(sin A — 1 cos A)r? = J (cos A + sin A)
=

H[—(cos A)(M —m)(tan A)r?]

+ (sin A)(M —m)(tan A)r? = J cos A + p(J sin A)

=

Russ College of Engineering and Technology, Ohio University, Athens, OH alE e
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- [ (cos A)(M —m)(tan A)r? + Jsin A]=J cos A — (M —m)(tan A)(sin A)r?

sin2 A
cos A

-,u[J sinA+(M —m)r?sin )I]:J cosA—(M -myr?

,sin? A
cos A
JsinA+(M —m)r?sinA

(M =-m)r -JcosA

ILI:

_(M-m)r’tan®A-J
|9 +(M —m)r?[tan A

_ (673-20)(0.1m)? (% )° —0.08kg —m’
" [0.08kg —m? + (653)(0.1m) *]( %)

=0.0812

Russ College of Engineering and Technology, Ohio University, Athens, OH = =
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2003 PART I SOLUTIONS

Problem #4 Nuclear Fission

TEAMS
. Contributed by Dr. Charles Sparrow, Ph.D.,P.E.

TiTE OF IREINCCERNG AFTTUSL. MATHIMAETICS ANC BDNIT

" M ississippi State University, Mississippi State, M S
Competition i v, Hissisioe

31. Answer e

A:;nzz In2 —=8.78x107' 5"
vz (3.053min)(60—_)
min
32. Answer ¢
A:M/]W
232
(232i 10002 1.4x10 y(365 5% 124—16 m'”
mol min

(6.022x10% mol *)(In2)

=4.09x10°%g=4.09 mg

33. Answer a

The correct answer is a-decay. Mass decreases by 4, atcomic number by 2. This
is what happens when a He nucleus is emitted. The other processes, even if
possible, do not result in this change in A and Z.

34. Answer b

4.00x10° eV
eV
ion pair

Number of ion pairs = =11,765ion pair

34

Russ College of Engineering and Technology, Ohio University, Athens, OH =
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35.

36.

0.9 = -
(.693/5.750) — (.693/ 1.4x10™)

Answer ¢

The activity of *®®T1is 64% of the activity of the precursor, “**Bi. From the

problem statement, the activity of %Bi is 1 nanocurie, or 37 disintegrations/s.

the decay of 2081, approximately one 2.615-MeV photon is emitted in each
disintegration. The 2.615-MeV photon production rate is then:

2.615 — MeV Photon Production Rate =

27 dis#?Bi 0.64 208'.I'I2r112uc!ei 12.612?)8— MeV photon
S dis““Bi Tl nucleus

2.615—-MeV photon

= 23.68
S
Answer c
A - _
A yos = A 228 (e Apagt —e Agost )

2 (/]228 _/]232 )

0.9A,, - Aoz (e ot _ oAt )
A232 /]228 - /]232

0.693
A =
228 T
2
for ?®Ra, T,, =5.750 years
%
for *°Th, T,, = 1.4x10" years
%
.693/5.750

Russ College of Engineering and Technology, Ohio University, Athens, OH
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Problem #4 Nuclear Fission
TEAM+S

ST OF DGRt SSTITIOL . MATHIEATICE AN SSLMCT

0.9 = 1-exp(-0.12052t)

t =19.105

37. Answer ¢
The activity inthe mixture is the sum of the activities of the two components.
Let  subscript “1” refer to the *“contaminated” soil,
subscript “2” refer to the *“clean” soil, and
subscript “3” refer to the mixture of “contaminated” and “clean” soil.

The activity is equal to the specific activity times the mass for each of the three.

m,A;=m A +m,A,
m3 :m1 +m2
Substituting,

(ml + mZ)A3 :mlAl +m2A2

mz(Aa _Az):m1(A1_A3)

" 100 RC1 _5q RCI
m, =m, =% = (2001)—L 9 <2131p
As_Az 50p_C|_3p_CI
9 g

38. Answerc

1012 L

2
n=2= CM” =S _=4y10° —

3
(250051100 @) cm
S m

Russ College of Engineering and Technology, Ohio University, Athens, OH L T
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Problem #4 Nuclear Fission
TEAM+S

ST OF DGRt SSTITIOL . MATHIEATICE AN SSLMCT

39. Answer b

40.

Let
L = number of neutrons leaking from the reactor

F = number of neutrons involved in sustaining the chain reaction
C = number of neutrons captured but not inducing fission

On the average, then, 2.43 =L + F + C. Since the reactor is critical, F = 1. From

the problem statement, C = (0.45)(2.43). Then L =2.43 - (0.45)(2.43) - 1. The
fraction leaking is then:

_ 2.43-(0.45)(2.43) - 120.55 _L =0.138
2.43 243

f

Answer ¢

243=L+F+C

L+C=(0.25)(2.43)+2.43f
F=1
2.43=1+(0.25)(2.43)+2.43f
2.43f =2.43-[1+(0.25)(2.43)]

‘o 2.43-[1+(0.25)(2.43)]

2.43
f =1-0.25 L
2.43
f =0.338

Russ College of Engineering and Technology, Ohio University, Athens, OH L
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2003 PART I SOLUTIONS
Problem #5 Welding Operation

TEAM+S
. Contributed by Dr. Frank Peters, Ph.D.

PSS DF DACAAL [FnAG RATITSOL MANTHOMATICT BM0 00 WCT

1F1 Iowa State University, Ames, IA
Competition
41. Answer ¢
Power Cost — LPOWer rate($/kWwh) x Amps x Metal deposited(lb / ft)]

[1000 x Deposition Rate(lb / hr) x Power Source Efficiency]
Power rate = Electrical cost= $0.08/kWh
From Table 5-1:
Volts = 28
Amps =300
Deposttion rate = 9.9 Ib/hr
Power Source efficiency = 0.95

Weld bead is aright angle triangle

(1/4)

(1/4)

Russ College of Engineering and Technology, Ohio University, Athens, OH e e ©
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Problem #5 Welding Operation

25

1 1.
Area= — X — X — = —inches?
4 32

N | —
A=

1ft = 12 inches
144 inches > =11t ?

1ft?
—X
144 32

1.
—inches? =
32

Metal deposited per ft = Density of steel x ft 2

_ 4901b 1

e X iad ft> (from Assumptions and Givens)

- B0 &20.106 Ib/ ft
144x32 ft

.08x28x300x490
144x32x1000x9.9x0.95

O Power Cost =

= $0.008/ft

[0 $.008/ ft x6 ft x2 =$0.10/component

Answer d

[welder pay ($/hr)][metal deposited (Ib/ ft)]
[deposition rate(lb / hr)][operator factor]

Labor Cost =

= (answer measured in $/ft)
Metal deposited = .106 Ib/ft (from question #41)

Deposttion rate = 9.9 Ib/hr (from Table 5-1)

Russ College of Engineering and Technology, Ohio University, Athens, OH alrEme
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43.

TEPeM+S
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Problem #5 Welding Operation

Welder Pay = $25/hr (from Assumptions and Givens)

Arc Time/ day
Total Time/ day

Operator Factor =

Travel speed from Table (5-1) = 18 in/min

inches i
Arc Time/component = 72 — = 4min

component 18 inches

.
) = 6.6min
60sec

Set up time/component = 6 min + (12 welds) (3 seconds) (

Time/Component =4 min + 6.6 min = 10.6 min

.25hrs _ 1component i
Components/day = (7 5 S)( compo e S)(60 min
day 10.6 min hr

) =41 components / day

41components 4 min

Operator factor = arc tlme/ day _ day ' component” _ 34%
total time / day 8x60 min/ day
Labor Cost = 25)(106) =$0.78/ ft
(9.9)(.34)

Total Cost = ($0.78/t) x (6 ft/component) = $4.68/comp onent

Answer ¢
Cost of a component = $0.92/ft
Total component = 3x6 inches + 6x4 inches + 3x10 inches

= 18 inches + 24 inches + 30 inches

Russ College of Engineering and Technology, Ohio University, Athens, OH alE e
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27

Problem #5 Welding Operation

= 72 inches

=6 ft

[ Total cost forthe weld = ($0.92/ft) (6 ft)

=§$5.52

Answer d

Improving the manufacturing system so the operator can focus more time on

welding instead of performing other tasks will improve the output.

a) not possible

b) does not make a difference
C) makes the process slow

d) the best choice

Answer a

Q= Le(T¢ =Ty)m+L, (T, =T, )m+L [

Where Q ., — total energy (in kJ)

L, — specific heat of solid steel =440 J/kg® C

L - latent heat of fusion = 385 kJ/kg

L, - specific heat of liquid steel = 440 J/kg°C

m=.106

pound
feet

X6ftX.453kg

=0.29kg

Russ College of Engineering and Technology, Ohio University, Athens, OH
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Problem #5 Welding Operation

Q o = 440 L(.29)kg(1540° -25%) +440L(.29)kg(1600° —-1540°)
kg°C kg °C

4385 (.29)kg 1000J _ 312,235J = 312kJ
kg kJ

Answer d

Total Power (Watts) = Voltage (Volts) x Current (Amps)
=28x300
= 8400 W
= 8.4 kW

4 min arc time/component

0 KWh = (8.4)kW x — D
60 min /hr

=0.56 kWhr

1J =2.78 x 10 "kWhr

1
56kWh =——x0.56]
2.78x107

=2.014x10°J

=2,014KkJ

Russ College of Engineering and Technology, Ohio University, Athens, OH
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47. Answer b

Refer to Figure 5-6

TEPeM+S

SIS DF CAGAAI L SWG AFTITUDN. BRATYIRUITICS END BOENCT

Problem #5 Welding Operation

For 0.045 in diameter filler metal wire with wire speed 300 inches per minute

Amps=265A

48. Answer d

Before Contraction

1/4

354

After Contraction

0.25

0.25

The percent change in length is:

AL
= 0BT 100 = (11X107*)x(1540° = 25°)X100

Russ College of Engineering and Technology, Ohio University, Athens, OH alE e
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= 1.7% contraction

0.354-(1.7%)(0.354)=0.3476

sina _ sing _sin(180° —2a)
25 .3476 3476

34
3476 sina =sin(180° —2a)

1.39sina =sin180° cos 2a —cos180° sin 2a
1.39sina =sin2a = 2sin a cos
1.39 =2cos a

1.39
cosq =—

a =cos™ L3

=45.96°

@=sin(180 -2 x 45.96) = 88°

49. Answer b

As all the triangles are of equal area

Russ College of Engineering and Technology, Ohio University, Athens, OH
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Problem #5 Welding Operation

—
(O8]

Double-V Single-V

U The single V requires twice as much as the double V.

50. Answer a

b) Opposite of (a)

C) False because more metal leads to more distortion

d) False because the double V requires more time for preparation
e) False (see question #49).

Russ College of Engineering and Technology, Ohio University, Athens, OH alE e
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2003 PART I SOLUTIONS
Problem #6 Product Allocation

TEAM+S
: Contributed by Peter Theodoris, M Sc.

Three Epsilon Co., Atlanta, GA

51. Answer ¢
Given plant capacities:
P1: 195 hrs with 2 hours per ton processing time.
P2: 205 hrs with 2 hours per ton processing time.
P3: 185 hrs with 2 hours per ton processing time.

P4: 215 hrs with 2 hours per ton processing time.

Total capacity: 97.50 + 102.50 + 92.5 + 107.50 = 400 tons.

52. Answer b

From Table 6-1, cost perton for F2, P3 is 12 mu.

The corresponding selling price for F2 is 27 mu.

Therefore, profit is 27 mu — 12 mu = 15 mu.

53. Answer b

X,; . amount of fertilizer j produced at plant 2.

c,: capacity of plant 2 in tons of fertilizer.

The sum of all fertilizers produced at plant 2 should not exceed its capacity.

Russ College of Engineering and Technology, Ohio University, Athens, OH
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Problem #6 Product Allocation
TEAM+S

FIETE OF CHGEADLSHG APTITLON. BATSERTICE BN BSEWCT

Z X,; <C,

54.  Answera
d, : anticipated demand of fertilizer F4
X i, . amount of fertilizer F4 produced at plant 1.

The total amount of fertilizer F4 produced by all plants should not exceed the
anticipated demand:

2 X, <d4
[

55. Answer d
X ;; : Amount of fertilizer j produced at plant 1.
s ; : Selling price of fertilizer j.
k;;: Cost for one ton of fertilizer j in plant i.

P: Total Profit Function.

Profit = Total [Sale-Cost]

P:ZXij(sj_kij)
ij

Russ College of Engineering and Technology, Ohio University, Athens, OH e e ©
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Problem #6 Product Allocation

56.

57.

Answer b

We are asking only for the independent equations: We have six fertilizers that
will yield six equations and four plants that will yield another four equations, for a
total of 10 equations. In order for Total Demand = Total Capacity:

a)
b)

if Total Demand > Total Capacity, we introduce a dummy plant, and
if Total Capacity > Total Demand, we introduce a dummy fertilizer.
So for plant 2 we will have the capacity constraint:

szj =c,
]

and for fertilizer 4 we will have the demand constraint:

Z Xy =d,
i

but you can only have one of the two equations at atime, because a) and b) cannot
be true at the same time.

We do not have 11 or 12 equations because:

)

2)

It can only be one dummy variable at a time because we cannot have the
Total Demand greater than and less than the Total Capacity at the same
time.

The eleventh equation is not independent of the other 10 because it will be
the sum of either the four capacity constraints or the six demand
constraints.

Answer d

From Table 6-1, construct the table of unit profits:

Russ College of Engineering and Technology, Ohio University, Athens, OH el e
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Problem #6 Product Allocation
TEAM+S

FIETE OF CHGEADLSHG APTITLON. BATSERTICE BN BSEWCT

F1 F2 F3 F4 F5 F6
P1 0 15 13 10 10 0
P2 12 13 0 20 0 19
P3 17 15 16 11 12 13
P4 19 14 10 0 13 18

Locate the overall maximum opportunity profit:
Column F4, Cell P2F4
Max-Next Largest = 20-11=9.

We are given 65 tons estimated demand for F4. We will construct a third table
(Fertilizer Produced) and place 65 there at cell P2F4.

Then we eliminate column F4 from the opportunity competition.
From plant’s P2 102.5 available capacity there are 102.5-65=37.50 tons left.

We need to decide what to do with this extra capacity. We decide to use it to
produce fertilizer 6. Here is why:

From the remaining opportunities, the overall maximum is:
19-13=6 located at P2F6.

So, cell P2F6 is assigned 37.50.

Next, we eliminate the 2" row. This process is repeated and the calculations
yield:

Cell P4F6 ~ MAX-NEXTMAX =5  54.5
Cell P4F1 ~ MAX-NEXTMAX=5 53
Cell P3F1 ~ MAX-NEXTMAX=5 ~ 37
Cell P3F3 ~ MAX-NEXTMAX=3 ~ 555
Cell PIF2 ~MAX-NEXTMAX=2 ~ 40
Cell PIF3 ~MAX-NEXTMAX=3 ~ 26.5
Cell PIF5 ~ MAX-NEXTMAX=10 ~ 31

Russ College of Engineering and Technology, Ohio University, Athens, OH e e ©
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Problem #6 Product Allocation

FERTILIZER PRODUCED
F1 F2 F3 F4 F5 Fo6 TOTALS

P1 40.00 26.50 31.00 97.50
P2 65.00 37.50 102.50
P3 37.00 55.50 92.50
P4 53.00 107.50
TOTALS| 90.00 40.00 82.00 65.00 31.00 92.00 400.00

P3F5 production = 0.00
58. Answer a

F1 F2 F3 F4 F5 F6

Demand 90 40 82 65 50 92
Sell Price 24 27 45 50 24 35

Next populate the Profits Table using the Unit Profits Table and the Production

Table and add all the totals.

PROFITS
F1 F2 F3 F4 F5 F6 TOTALS

P1 0 600.00 | 344.50 0 310.00 0 1,254.50
P2 0 0 0 1,300.00 0 712.50 | 2,012.50
P3 629.00 0 888.00 0 0 0 1,517.00
P4 1,007.00 0 0 0 0 981.00 | 1,988.00
TOTALS| 1,636.00 | 600.00 [ 1,232.50 [ 1,300.00 [ 310.00 | 1,693.50 [ 6,772.00

P3F1: Unit Profit x Production = 17 x37 = 629

P4F1: 1007.00

P1F2: 600.00

P1F3: 344.50

P3F3: 888.00

P2F4: 1300.00

P1F5: 310.00

Russ Coallege of Engineering and Tedhnology, Ohio University, Athens, OH
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Problem #6 Product Allocation
TEAM+S

FIETE OF CHGEADLSHG APTITLON. BATSERTICE BN BSEWCT

P2F6: 712.50
P4F6: 981.00
Total Profit = 6,772.00

59. Answer d

Starting at cell P3F2, the rook’s tour in the Production Table will be constructed
by the following segments:

P3F2 - P3F3
P3F3 - PIF3
P1F3 - PIF2
P1F2 - P3F2

Following the same tour at the Unit Profits Table we record the following profits:

15—-16+ 13 — 15 = -3 (negative)

60. Answer ¢

Accordingto Step gof the improvement algorithm, since all candidates have
negative opportunity profits, the solution is optimum and profits are already
maximized to 6,722.00.

a) P2F1 - P2F6 - P4F6 - P4F1:
(12-19+18-19) = negative

b) P2F2 - P1F2 - PI1F3 - P3F3 - P3F1 - P4F1 - P4F6 - P2F6:
(13-15+13-16+17-19+18-19) = negative

¢) P4F2 _ P4F1 - P3F1 - P3F3 - PIF3 - PIF2:
(14-19+17-16+13-15) = negative

d) P4F3 - P4F1 - P3F1 - P3F3:
(10-19+17-16) = negative

Russ College of Engineering and Technology, Ohio University, Athens, OH e e ©
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Problem #6 Product Allocation

TEAM+S

FIETE OF CHGEADLSHG APTITLON. BATSERTICE BN BSEWCT

e) PI1F4 - PIF3 - P3F3 - P3F1 - P4F1 - P4F6 - P2F6 - P2F4:
(10-13+16-17+19-18+19-20) = negative

(11-20+19-18+19-17) = negative

(12-10+13-16) = negative

(13-10+13-16+17-19) = negative

(13-18+19-17) = negative

Russ College of Engineering and Technology, Ohio University, Athens, OH el e
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2003 PART I SOLUTIONS
Problem #7 Cheese Making Process

TEAM+S
: Contributed by Professor David Meredith, P.E.

FiETE OF C NG Fitek ASTITI0L . METHISINTICE MWD SOCNCT

i Pennsy Ivania State University-Fayette, Uniontown, PA
Competition

61.

62.

Answer ¢

To make 2500 kg/hr of cheese for 20 hrs/day with 10:1 milk needs: cheese ratio

requires 50,000 kgs per day of storage.

For a five-day supply that increases to 250,000 kg of raw milk in three tanks.

With a milk density of 977 kg/m3 the volume of each tank is 852.9 m°.

Since the height of each tank is twice its diameter (H=2D), and the volume of

each tank is given by:

V=niD’H/4=71iD°/2=8529

Therefore, D = 8.16 m.

So the tank dimensions are 8.16 m diameter by 16.32 m height.
The surface area of the top is: A = nbD?/ 4

The area of the wall is A = D H = 2D

Adding those two areas yields 471 m® per tank.

The heat gain under design conditions with an air temperature of 31°C and a milk

temperature of 2°Cwith U=1/R=1/2.71is

Q = UXAX(T, - Ty) = (1/2.7)(471)(31-2) = 5,059 watts = 5.05KW.

Answer b

Convert the 25,000 kg/hr of milk flow to kg/s by dividing by 3,600 seconds per

hour: m = 6.94 kg/s.

Russ College of Engineering and Technology, Ohio University, Athens, OH

TR, BN . B .



40

63.

64.

TEAM+S

FSATE OF iNGNDIFND BFTITUGH. MATECWATCE ARD SEDNCT

Problem #7 Cheese Making Process

The specific heat of milk is stated in the problem as 3.87 kJ/kg-°C.

The effectiveness is given by €= AT /(T — Tj) = 0.81.

Solving for AT =0.81 (85 -2) = 67.2°C.

The milk temperature leaving the heat exchanger is 2°C + 67.2°C = 69.2°C.

The preheater must raise the milk temperature to 85°C by adding heat according
to

Q=mxC xAT = (6.94kgs)(3.87 kl/kg-C)(85°C — 69.2°C) =

=424 kJ/s or 424 KW.

Answer b
The flow rate of milk from question #62 is 6.94 kg/s.
The density of milk is given as 977 kg/m3.

The cross-sectional area of the pipe for the milk flow is:
A =1iD*/4=m(0.08)*/4 = .00502 m’.

Fromm=p V A, we have:
V=m/(pA)=(6.94 kg/s) /[(977)(0.00502)] = 1.4 m/s.

The distance that the milk travels in 15 seconds at a velocity of 1.4 m/s is:
(1.4 m/s)(15s) =21.2 m.

The pasteurizer tube length is a minimum of 21.2 m long.

Answer d

We build a table of values of refrigeration loads by hour of day.

Russ College of Engineering and Technology, Ohio University, Athens, OH alE e
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Problem #7 Cheese Making Process

TEAM+S

FSATE OF iNGNDIFND BFTITUGH. MATECWATCE ARD SEDNCT

The first column shows the hour of the day.

The second column sums to 888 ton-hours, which (divided by 24) yields 37 tons
of refrigeration required.

The third column is the difference between the installed capacity (37 ton) and the
load (33 in the first hour).

The greatest difference in the integrated values is between hours 4 (+23 tons) and
7 (-52 tons).

This indicates that with 75 tons of storage plus the 37 tons of installed capacity,
the facility can meet the maximum cooling load of 110 tons required.

Hr Load Diff _ Storage Hr Load Diff _ Storage
1 33 +4 4 13 35 2 -16
2 33 4 8 14 45 -8 -24
3 29 8 16 15 46 -9 -33
4 30 7 23 16 34 3 -30
5 38 -1 22 17 34 3 -27
6 38 -1 21 18 36 1 -26
7 110 -73  -52 19 34 3 -23
8 28 9 -43 20 40 -3 -26
9 32 5 -38 21 32 5 -21
10 28 9 -29 22 29 8 -13
11 27 10 -19 23 30 7 -6
12 36 1 -18 24 31 6 0
65. Answer a

Answer b makes no sense, since peptides are building blocks of proteins.
Answer c is also incorrect since peptides are built of amino acids.
Answer d is just a wacky answer.

Of course answer e is not correct either.

Russ College of Engineering and Technology, Ohio University, Athens, OH alE e
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66.

67.

68.

Problem #7 Cheese Making Process
TEAAMS

FSATE OF iNGNDIFND BFTITUGH. MATECWATCE ARD SEDNCT

Answer d

The annual milk usage is:
(25,000 kg/hr)(20 hr/day)(5 day/week)(52 wk/yr) = 130 million kg/yr of milk.

Using 218 ml = 0.218 liters/1000 kg of milk, yields
(0.218 liters/1000 kg)(130,000,000 kg/yr) = 28,340 liters/yr.

Answer e
Raw milk has 3.8% fat, of which 94% ends up in the cheese.
Raw milk has 1.4% albumin of which 4% ends up in the cheese.

Setting these values into a ratio:

(0.038)(0.94)

————— yields a 63.8 ratio.
(0.014)(0.04)

Answer ¢

Annual production of cheese is given by
(2500 kg/hr)(20 hr/day)(5 day /week)(52 wk/yr) = 13 million kg/yr of cheese.

The mole fraction of sodium in table salt is (23) / (23 + 35.5) = 0.39.

Since the salt fraction per servingis 0.190 g/ 30 g= 0.0063 or 0.63%, the total
salt usage annually is:

(13x106 kg cheese /yr)(0.0063 kg Na / kg cheese) / (0.39 g Na/ gsalt)
or 211,110 kg salt per year.

Each skid holds (20 kg/bag)(25 bags/skid) = 500 kg/skid

So the annual consumption of skids is:

Russ College of Engineering and Technology, Ohio University, Athens, OH el e
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69.

70.

Problem #7 Cheese Making Process
TEAAMS

FSATE OF iNGNDIFND BFTITUGH. MATECWATCE ARD SEDNCT

(211,110 kg) / (500 kg/skid) = 422 skids per year.

Answer a

Each hour of production consumes 25,000 kg of milk and produces 2500 kg of
cheese.

The remainder (25,000 — 2500) becomes 22,500 kg/hr of whey with 94% water
and 6% solids.

Total hourly production of solids: (0.06)(22,500) = 1350 kg/hr in the whey which
remains constant during the evaporation process.

Initial water content: 0.94(22,500) = 21,150 kg/hr. The final whey product has
20% solids.

Total final mass: 1,350 /0.2 = 6,750 kg.
Water content of the final product: 5400 kg.

During the evaporation process, (21,150 — 5400) = 15,750 kg of water are
released.

Each kilogram requires an energy input of 2383 ki/kg.
Total energy input rate: (15,750 kg/hr)(2383 kJ/kg) = 37.5 GJ/hr.

Since the efficiency is 83%, the gross thermal energy input is:
37.5/0.83 =45.2 Gl/hr.

And, the annual fuel cost is:

(45.2 GJ/hr)(20 hriday)(5 day wk)(52 wkiyr)(3.20 $/GJ) = $752,000

Answer ¢

Russ College of Engineering and Technology, Ohio University, Athens, OH el e
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Problem #7 Cheese Making Process

TEAM+S

The total daily production of cheese is (2500 kg/hr)(20 hr/day) = 50,000 kg/day .

A square meter of floor space in the refrigerated warehouse will hold
(80 kg/tray)(30 trays/stack) = 2400 kg/mz.

One day’s production requires (50,000 kg/day) / (2400 kg/m?) = 20.8 m? / day.
60% of the daily total (30,000 kg/day) will be stored 60 days.

Since the facility runs 5 of 7 days per week,
the total production storage for mild cheese in that 60 days will be:

(30,000 kg/d ay;(S operating days / 7 calendar days)(60 calendar days) / 2400
kg/m? =538 m

15% of the daily total (7,500 kg/day) will be stored 75 days.
Since the facility runs 5 of 7 days per week,
the total production storage for regular cheese in that 75 days will be:

(7500 kgzld ay)(5 operating days / 7 calendar days)(75 calendar days) / 2400 kg/ m®
=168 m

25% of the daily total (12,500 kg/day) will be stored 90 days.

Since the facility runs 5 of 7 days per week, the total production storage for sharp
cheese in that 90 days will be:

(12,500 kg/d ay2(5 operating days / 7 calendar days)(90 calendar days) / 2400
kg/m® =334 m

Total area for cheese:
538m?2+ 168m? + 334m ?=1,040m?
Total warehouse floor area:

1,040m?/0.6 = 1,733m?

Russ College of Engineering and Technology, Ohio University, Athens, OH alE e
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2003 PART I SOLUTIONS

Problem #8 Drag Reducing Agent

TEAM+S
: Contributed by Dr. Gennaro M affia

FiETE OF C NG Fitek ASTITI0L . METHISINTICE MWD SOCNCT

Com pet|t|on Widener University, Chester, PA

71. Answer a

72.

Number of days for oil to traverse the entire system = 6.4 days

0 number of seconds = 6.4 x 24 hours x 60 minutes x 60 sec

= 552,960 sec
Total distance = 800 mile
1 mile=1.6 km
1km=1,000 m
00 Distance in meters = 800 x 1.6 km x 1,000 m
=1,280,000 m
[0 Average velocity = Total Distance
Total Time
_1,280,000m
552,960sec
= 2.3148m/sec
Answer ¢
Pipeline characteristics: diameter = 48 inches

oil moves @ 5.5 mph

6 days to travel from

Prudhoe Bay to Valdez
Length of pipeline = 800 miles

From question #71, Average velocity of oil = 2.329 m/s

2.54cm 1m
in  100cm

diameter = 48 in
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=122m
2
Area of pipe = @ =1.168m?

Volume of oil/per day = 1.168m? 2’329%36003 24hr

hr day
3
= m
= 235,031.5 Aay
Volume in barrels _ 235,031.5x264.2 _ 1,478,460_1barre|3
day 42
73. Answer a
_—0.2 psi
07100 ft
1 psi=6.895 kPa
1ft=0.3048 m

-0.2 psi _ —0.2x6.895kPa ft
100 ft  (100)(.3048m) psi

=-0.0452 kPa/m

= -45.2Pa/m

74. Answer b

The equation of motion is given as:
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2
3T_y?+c1y+cz =V (8-1)
1
2
L ey e, =V, 2
2
AP /L =-40Pa/m a =0.05

4, =0.001kg/ m—sec

U, =0.003kg / m —sec

B =0.025m

Using boundary conditions:

a) y=0,V,=V, (8-3)
Putting this in equations (8-1) & (8-2)

C,=C,

b) From boundary condition #2, equation (8-4):
y=aB;V,=0
a =0.05, B =0.025m

y =0.05x.025=1.25x10°%m

Substituting the values into equation (8-1):

—40 (1.25x10%)?2

X +C,(1.25x10%) +C, = 0
0.001 2

~0.03125 + C,(1.25x10?) +C, =0
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(1.25x10 ®*)C, +C, = 0.03125 (A)
Using boundary condition #3, equation (8-5):
y =-(1-a)B;V, =0
= —(1-0.05)0.025; V,=0
= —(0.95) 0.025
=-0.02375
Substituting this value in equation (8-2)

-40 (-0.02375)’
0.003 2

~C,(0.02375 +C, =0

-3.760 - 0.02375 C,+C, =0 (B)
Using boundary condition #4, equation (8-6):

dv dv
- O ’ 1 - 2
y /‘11 dy /’12 dy

Differentiating equations (8-1) and (8-2) with respecttoy:
dv, AP
dy L

+C,

dv, AP

dy L

y+C,

Using boundary condition #4, equation (8-6):

Aty =0

Russ College of Engineering and Technology, Ohio University, Athens, OH - 1]



49

Problem #8 Drag Reducing Agent

TEPeM+S

SIS DF CAGAAI L SWG AFTITUDN. BRATYIRUITICS END BOENCT

d_y =4 17 = uC,
dd\)/; =C, > U, % = 1,C, (see also equation 8-20)
O u4,C, = u,C, ©)
Gk
s M
c,_0003_3
C, 0001 1
C,=3C, (D)
Substituting (D) in (A) we get
3C, (1.25x10%) +C, = 0.03125 (E)

Using (B) and (E) we get
3C,(1.25x107%) +C, = 0.03125
~C,(0.02375) +C, =3.7446
0.00375 C,+C, =0.03125
-0.02375 C ,+C, =3.7446

But C,=C,, therefore:

0.00375 C,+C, =0.03125
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~0.02375 C,+C, =3.76

Solving the equations we get:

0.0275 C ,= -3.7288
_ 3788

3 0.02745

=-135.59 [0-136

75. Answer ¢

From question #74 we get:
-C,(0.02375)+C, =3.760
—(-136)(0.02375)+C ,= 3.760

C,=3.760-3.223

=0.537
[10.54
76. Answer b
a=0 C,=-166.664 c,=0

QfWH . +(—166.66)—(_(1_G)B)ZH
L 6 2

_ W[_ {—40 (CDO025)° _ g6 66 (o.ozs)ZH
003 6 2
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:W(O.025)2|:—{ + 40 (ms)—MH
(.003)(6) 2

= (0.1)(.025) ?[- {55.56 -83.33 ]

3

= (0.1)(.025)2[27.77] = 0.001736””T

and after a unit conversion we find:

3
(.001736) m—36005— 24hr 264.239a| barrels — 9435 barrels
S hr day m 42gal day
77.  Answerb
a=1 C,=166.667 c,=0 Q,=0
78.  Answerd
a=.1 C,=-108.33 C,=.9375
— 3 2 2
Q2=(.1)H ng 09 2025) +(—108.33)%2'025)—.9375(.9)(.025)”

= (1) (.025) [— {.383 (9" (6025)2 _108.33(.9)2(7.025) - .9375(.9)”

= 0.025 [~(1.0125 — 1.097 — .844)]
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3

= 00232 L
S

79. Answer ¢

a=1 C, =-325
—vVv+C. =0
PR

_4_Oy—325 =0
.003

_325(.003)

= <0, therefore
40

0y =0 is the max.

80. Answer a

a=2 C,=-619 C,=1.42

Q,= -w{ ﬁﬁ’_ (_(1_6”)8)3 +C, w+1.42(—8)(.025)}

= (1) { B0 B0 gy o CBIO2” |y 45 g)(.025)
003 6 | 2 B

(-.1) (.01778 — .01238 — .0284)

.0023

when a =0 C, =-166.66 C,=0
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QZ:—(_l)[;gg(_('%%) ~166.66 02)_ }

= (-.1) [.03472-.05208 = .001736]

.0023
.001736

Ratio =
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