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Midterm Review Problems

I. Unit Conversion and Dimensional Analysis
II. Ohm’s Law and Circuit Problems

III. Error Analysis

I'V. Signals and Fourier Series

V. Instrumentation, Calibration, and Resolution
VI. Probability and Statistical Analysis
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I. Units and Dimensional Analysis, Beckwith
Chapter 2, Section 1 of Class Notes

Express the universal gas constant of

R, =154534

R—(Ibm-mol)

X

Solution:

\

hY " In SI units

\]

154534 x0.3048

ﬁ Ibf
—(Ibm-mol)

x1.8, x2.204

R

u

Ibm-mol

kg—mol

P4
x9.8067 =4

I ¥
2.204 ks
Ibf

X

SeC2

°R
K
831447 * = 831447

.

N-m

=8314.47

Pt
K-lks-

_» sec? mol )

K —(kg—mol )

K —(kg—mol )
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UtahState INtechsnicSladTenospace,
UNIVERSITY englheering

Units and Dimensional Analysis

2) Show 1n Fundamental MKS units that the power dissipated 1n a
Resistor has units of Watts ... Prove 2 Ways ...

Expression in Expression in

—_— P — I 2, R Quantity Name of Unit Symbol terms of S| terms of other
R base units units
_T. Electrical 2 o1 4 a2
—_—> PR = I V capacitance farad F m<kg's"A CN
Electrical coulomb C As
charge
Electrical ; 2 L1352
oot onell siemens S m'“ kg 's°A AN
Electrical 2 .
/inductance rloary i Moxg&eA
Electrical 2 & 4t
potential volt Vv m-kgs™ A W/A
Electrical ohmi W - kg 53 A2 V/A

resistance \
T 3
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UtahState INiechsnicsladHenospace)
UNIVERSITY Engineerin g

Units and Dimensional Analysis

2) ... Solution:

2.
P=1"R—>A>-" 8 _
v \) AA/
keem m N-m J
— = =— = Watts
S seC  sec S
2.
Po=1-V—>A-" K8
B s A
kg-m m —N.m—]—WattS

S ? SCC SCC S
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II. Circuit Analysis, Ohms Laws, Beckwith
Chapter 7, Section 2 of Class Notes
3) ... Problem 7.6 in Beckwith

The circuit shown Below 1s used to determine the value of the unknown resistance
R->. If the voltmeter resistance, Ry . 1s 10 M2 and the voltmeter reads ¢, = 4.65 V. what
1S the value of R>?
/ * Voltmeter Output:
\ & \ €o
100 Q ‘ Volt Meter
~. ¥ Resistance: R,
— e

— 120V R, /' Voltmeter

N
N
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Circuit Analysis, Ohms Laws

3) ... Problem 7.6 in Beckwith

Solution for Classical
Voltage Divider J
2

S . K
1 /100 RL/

- —= = 41 S
I+ E’-/loo Ratioo 17

%07’3_ ASSUmes /21__—-. o R 1s [0 MQ - \

Ka= ¢330 « jOM

E%V\ .3 IS Nal d ‘\ETQ_
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Circuit Analysis, Ohms Laws
Problem 7.7 in Beckwith Voltmeter Output:e,
4) e Voh]Meter
¢ Res|stance: R,

Determine the relationship for e, /e; as a function off—Eempare-theresults with Eq. (7.9).
What 1s the ratio of ey/e; when the meter resistance R; becomes very

— :
large? , _q_) R, +— 1 1 =(1—k§RP+(1+k) Ry
N R, +(1+k) R,
/ k'R +R, R, W =
(1-k)'R,(R,+(1+k)R,)+(1+k)-R,-R, (1-Kk)'R,"R, +(1-k*) R, +(1+k)'R,"R,
R, +(1+k)-R, R, +(1+k)-R B

2R,R,

>U

p
_ 2 R 2
5 5 1+(1 k )”) 2R, (1+(1 k)
2-R, R, +(1-K)'R} 2 ) R)

RL+(1+k)'Rp RL+(1+k)'Rp 1+ (1+k)
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Circuit Analysis, Ohms Laws
4) ... ' X |
) SOI““;’HR =P =et1-(1-k) R, =
1-k*\ R, ,
) _2-Rp- 1+( > IR ) « | A N /
R e A _(1-k)R,
I+ (1+k)R e, +(1-k) R, — =e|1-
R, R
. . ¢ P4 4
Simplity ...
RP
(1-K)} R, * 1+(1+k)-R—
€0=€i 1——RF =€i 1—(1—k)RP 2L R =
‘ 5op1s (1 k )
R, -\ R,) 1-k (1-¥) R
e 1_1.1-k+(1-k).RL 3 (1+( : )RL >tk P .
R e
+ ‘ 1+ ' 1+ :
2 ) R, 2 )R, 2 )R,
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Circuit Analysis, Ohms Laws

4) ...

k+1
R, .. —>e=g¢ (T)i‘/

— Check...Voltage....Divider ...

for infinite impedance

INechanicIllGdrAenospace,

\

R+kR

=(1+k)
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UtahState INtechsnicSladTenospace,

YT Error Analysis, Beckw1th Chapter 3, e

Section 1.2 of Class Notes Tmedio

5) ... Problem 3.3 in Beckwith

(a) A 68-kS2 resistor is paralleled with a 12-kS2 resistor. Each resistor has a +10%
tolerance. What will be the nominal resistance and the uncertainty of the combina-
tion?

(b) If the values remain the same except that the tolerance on the 68-kS2 resistor is
dropped to +=5%, what will be the uncertainty of the combination?

Solution
Q) .
Ki=Lee®o]xio | _R-R _12x68
G- Catia) x0T T T RAR 12468
| R, Rz
R': Q\ 2 - 1Zx6% 3
R+ R 6o+ n_.x 0
= (0.2 k<L

10
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Engineering

o

Section 1.2 of Class Notes

5) .-~ Problem 3.3 in Beckwith  Solution \ /
aReq_sz ? Rl.le _Rz(Rl+R2)—R1-R2_ R, >
U _\/(aReq)zU ? (aReq)zU 2 OR, R +R, (R1+R2)2_ (R1+R2)2 R+R,
R, R R R, R, oR, R _ R°R _Rl(R1+R2)—R1'R2_( R, : <
T f dR, R +R, (R +R,) ) (R +R,) \R +R,
NN | ¢
Rz 2 Rl 2 _
U =\/ R+R,) * T\R+R, U, = \
4 x 4¥ 0.5 = + 0.880kS2
(( 12 ) 6.82+ ( 68 ) 1.22)
12 + 68 12 + 68

MAE 3340 INSTRUMENTATION SYSTEMS
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UtahState INtechsnicSladTenospace,
UNIVERSITY Engiineering

III. Error Analysis, Beckwith Chapter 3,
Section 1.2 of Class Notes

5) ...
Problem 3.3 in Beckwith  Solution
P 4 R 4
Uyp = | Uy +|=——| U, " =
« \\R+R,) " \R+R,)] "

'

= + 0.870kQ

4 0.5
(G2 (2 v}
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UNIVERSITY III. Error Analysis

0) ... Problem 3.6 in Beckwith

A 47-Q resistor is connected in series with a parallel combination of a 100-SQ resistor and

a 180-€2 resistor. What is the overall resistance of the array and what is the best estimate
of its tolerance?

(a) For individual tolerances equal to 1%
(b) For tolerances of the 47-Q resistors equal to 10% and for the 180-S2 resistors equal

0 5% a) R=97 0 dp = A7

1
Solution ...

R =100 .  WUp = [ —F

\ 63 = /02 a(‘& - /g—fL —>

K= K+ &K 111086,
Ko+ R
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II1. Error Analysis
6) ... Problem 3.6 in Beckwith

(a) For individual tolerances equal to 1%

Solution ... for part a)

2 2 2 2
Ry U, | + R, U
R +R,|] © R +R,| ©

INechanicallGdrenospace,

Engineering

¥ 1 U (R Ur )2
= —L |+

ﬁ=1 R 1 R,

IR,

) 5 ) 2 5 2

GR _ R3 (R % R2.R3 *1 R, + (R2R3) . 1 SR —
OR, \R,+R, "R R,+R,) R, \(R R,+R,) R, \R,
aR R2 : 2 2 1 ? 2 1 :

= 47,-0.01 64.2857,) - -0.01 64.2857,,) - 001| =
dR, \R,+R, (474-0.01) +( 2) 100,, )+(( 2) 180, )

+0.667,

14
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6) .- Problem 3.6 in Beckwith
Solution ... for part b)

II1. Error Analysis

INechanicalGrenospace,

Engineering

(b) For tolerances of the 47- resistors equal to 10% and for the 180-£2 resistors equal
to 5%
2 2 2 2 2
U
OR Ue=,||R-—"| + % Ug, | + e Up, | =
1 R, R, + R, ’ R, +R, ’
IR,
5 5 ) 2 ) 2
IR R, (R-£)+ RR ) 1 Ug| [(RoR ) 1 Unl _
- .| R
oR, \R,+R, R, R,+R;] R, R, R,+R;) Ry R,
aR R2 ’ ) 2 1 ? 2 1 ’
= 47,-0.1) +|(64.2857,) - +0.01| +|(64.2857,) - 0.05
| OR, \R,+R;) | (47, ') (( ) 100, ( 2) 180,

+4 856,

MAE 3340 INSTRUMENTATION SYSTEMS
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I'V. Signal and Fourier Series, Beckwith

Chapter 4, Sections 2.1,2.2 of Class Notes
7) ...Problem 4.1 in Beckwith

The following expression represents the displacement of a point as a function of time:

y(t) = 100 + 95 sin 157 + 55 cos l&

(a) What is the fundamental frequency in hertz?
(b) Rewrite the equation in terms of cosines only.

%Wf- 1,04¢)
- 16
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UtahState INtechsnicSladTenospace,
UNIVERSITY englheering

Signal and Fourier Series

8) ...Problem 4.9 in Beckwith

Pressure

a) What is the fundamental frequency of the waveform below?
100 psi L

FIGURE 4.23: Pressure—time record for Problem 4.9.

b) Calculate the mean value and Fourier Series Expansion of the

signal?

MAE 3340 INSTRUMENTATION SYSTEMS 17
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Signal and Fourier Series
8) ...Problem 4.9 in Beckwith (Solution)

T=2085 - L _
. F —;—-‘5""3

\
w = T Vacl/g

A~ =
o~ f (O o'bd"& 1+ ;:..'— g\ (00 C{t Fundamental Frequency
O 'T |

—{|¥

Ao = lS—O(bs( .A-gi- = 7'5_‘—?5' Mean Value

‘ \; \ 2
An 2 f?- joot bondt -+ -_I-_- 1008rnTtdt
0 |

MAE 3340 INSTRUMENTATION SYSTEMS 18
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UtahState INtechsnicSladTenospace,
UNIVERSITY . engiheering

Signal and Fourier Serles
8) ...Problem 4.9 in Beckwith (Solution)

1 T .
T cos ardr = — cosar + — sinazx
a-

1 2 ’
=2flOO‘t’COSI/l'Jl"t'dl‘+flOO'COSI’l‘ﬂI’f'dt} ¥
0 1

cos ardr = — sinax

(n‘n) ‘(cosn-m-1-cosn-m-0)+ (nn)

[t-cosn-m-t-dt =

fcosn'n-t-dt= ! (sinn-n°2—sinn-n-1)=0
(n-m)
n={1, 2, 3, 4, 5, 6}
200 (-1)"-1 -1)" -1
A, = ) 2=100'( ) =" 200 200 2000
T (nn) (nn) A =9-—7,0,-——7,0,-——7.0...
Ay ()

MAE 3340 INSTRUMENTATION SYSTEMS 19
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UtahState INeClhasnicolEdaenoSpace,
UNIVERSITY . . . Engineering
Signal and Fourier Series
8) ...Problem 4.9 in Beckwith (Solution) [~ v
sinarar = —— Ccosarxr

X “

~
=— f r-smn-g-t t+f sin-Jt-t-dt /l_sinaxdxz_:rcosax+31nfm

a a~

' T 0 f 1 *
\
X sinn-sw-1 sinn-m-0  (-1) /

ft sinn-m-t-dt = —

(n.ﬂ)-(1-cosn-yr-1—O-cosn-n-0)+ (n-yt)z - (n-:r)z = ()

0

r ¥
i -1 N (-1)'-1
fsmn Tt dt—( JT)(cosn T 2—cosn-n-1)=(n'n)(1—(—1) )= (nar)
\ \ \ ’
Bn=200° - (_ ) ( ) ~100 _ _ cos(n-2'ﬂ)=1f0rn={1,2 ..... i }
T (nyr) (””) (nyr) n=1—>cos(1-n)=—1
n={1, 2, 3, 4, 5, 6}.. n=2->cos(2 )=+l
= g [~100 ~100 ~100 ~100 -100 100 } n=3-cos(3w)=-1 |—>cos(n x)=(-1)
" x 2x  3m  4m  5a  6m n=4—>cos(4 n)=+1
y . ¥ v 7 /
MAE 3340 INSTRUMENTATION SYSTEMS : - 20
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UtahState INtechsnicsledrenospIce;
UN'VERS'TY Engiineering

Signal and Fourier Serles
8) ...Problem 4.9 in Beckwith (Solution)

- -1)" -1 -
y(t)=75psi+2 100-( ) °cosn~n°t+ﬂ~sinn-n:-t

2

n=1 (n ) JT) (n . ﬂ:) .

psi
A, B coetts
1-
-5-
-10-
ca —-15-

<
_20_
_25_
-30-}
_35_
0.1 21
Frequency, Hz b
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Signal and Fourier Series

9) ...Problem 4.13 in Beckwith

A 500-Hz sine wave is sam

taken. k

f

(a) Whatis the Nyquist frequency?
(b) What is the frequency resolution?

1

fs _4096H _ 10

Af=— = -

C2-Ar 2 y) P

N 2048
seconds

1
» A f, 4096 2
1

— =72 Hz..."Bandwidth resolution"

record

X/

MAE 3340 INSTRUMENTATION SYSTEMS
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UtahState INtechsnicSladTenospace,
UNIVERSITY Engiineering

Signal and Fourier Series
9) ...Problem 4.13 in Beckwith

(¢) The student making the measurement suspects that the sampled waveform contains
/v several harmonics of 500 Hz. Which of these can be accurately measured? What

happens to the others?
3! &~
Harmonics ...n=1 (500 Hz), n=2 (1000 Hz), n=3 (1500 Hz)

™

n=4 (2000 Hz) can be captured ... higher harmonics get aliased
n=>5 (2500 Hz) ... aliased to 2048 Hz — (2500-2048) = 1596 Hz
n=6 (3000 Hz) ... aliased to 2048 Hz — (3000-2048) = 1096 Hz

n=7 (3500 Hz) ... aliased to 2048 Hz — (3500-2048) = 596 Hz

I'4

n=38 (4000 Hz) ... aliased to 2048 Hz — (4000-2048) = 96 Hz

MAE 3340 INSTRUMENTATION SYSTEMS 23
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UNIVERSITY

Signal and Fourier Series
9) ...Problem 4.13 in Beckwith

(¢) The student making the measurement suspects that the sampled waveform contains

several harmonics of 500 Hz. Which of these can be accurately measured? What
)
happens to the others’ 4000 Hz

<

3500 Hz

0 500 1000 1500 2000 /<

“Folding Diagram”

= 2048HZ 24
MAE 3340 INSTRUMENTATION SYSTEMS T
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U“Ntfl\!lgtsal*g PRI & (Rl E T
Signal and Fourier Series

10) ...Example 4. 3 in Beckwith

Helium-neon laser light has a frequency of 473.8 THz (473.8 x 10!2 Hz). A helium-neon
laser beam is reflected from a moving target. This creates a doppler shift in the beam,
which increases its frequency by 3 MHz (3 x 10° Hz).! The reflected beam is “added to”
an unshifted beam of equal intensity, by using mirrors to bring the beams together. What

is the resulting signal? ¢

Solution From Eq. (4.9), with fo = 473.8 THzand f; = fo+Af = 473.8 THz+3 MHz.

A :
y = 2Acos (27( 7f1> sin (231 fo ; /i t) T

. - [2;1(1.5 % 106)1] siri [27r(473.8 5 10'3)r]

The amplitude has a cyclic frequency of 1.5 x 10° Hz = 1.5 MHz. causing zeros in
amplitude twice per cycle for a beat frequency of 3-MHz. This would be manifested

y 4

25
MAE 3340 INSTRUMENTATION SYSTEMS
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UtahState INtechsnicSladTenospace,
UNIVERSITY englheering

V. Instrumentation, Calibration, and Resolution, ,
Beckwith Chapter 1, Sections 1.1, 1.2 of Class Notes

PXCPC-lngV In Stock $35.00 150 psig miniature pressure sensor
Specifications ‘ e — q

@ 12 Vvdc, 25°C (77°F)
Excitation: 12 Vdc typical (3 Vdc minimum to 16 Vdc maximum)
Output mV (@ 12 Vdc) Range:

4 inH20: 25 £2 mV

10 inH20: 20 £1 mV
1psi:18 1 mV
5 psi: 60 £1 mV
15 to 60 psi: 90 £5 mV
\ 100 psi: 100 £5 mV
150 psi: 90 £5 M\
Linearity, Hysteresis Error: 0.25% typical 1% maximum
Operating Temperature: -25 to 85°C (-13 to 185°F)

Y

Consider the Pressure Transducer PXCPC-150GV
*  0-150 psig full scale (above ambient) gives 0-90 mV output
*  +1% Linearity, Hysteresis Error (maximum)

* A gauge pressure transducer measured the deviation from the local ambient
pressure | 4

MAE 3340 INSTRUMENTATION SYSTEMS 26
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UtahState INMeChsnicSladenospace,
UNIVERSITY englheering

11) Instrumentation, Calibration and Resolution

. Consider the Pressure Transducer PXCPC-150GV
. 0-150 psig full scale (above ambient) gives 0-90 mV output /
. +1% Linearity, Hysteresis Error (maximum) Volt/psig (output/input)?

a) ... whatis the nominal sensitivity of the transducer in units of Volts/psig (output/input)

A 74
Sensititivy = 2,y X Ly =0.006 ,
» 150, 1000,

psig

b) ... If the anticipated nominal pressure level for your experiment is 1000 kPa gauge, what
output voltage would you expect from your transducer?

14.696 _—

psig

Output =0.006 , x1000,, x ag —(0.87
p # kPa 101 325 Volts
¢) Based on the spec ... 150 psig full scale = 90 mV + 5 mV output ... What is the expected
accuracy of your (1000 kPa) measurement in units of kPa? .... percentage of reading?

MAE 3340 INSTRUMENTATION SYSTEMS 27



Stephen Whitmore

Stephen Whitmore

Stephen Whitmore

Stephen Whitmore

Stephen Whitmore

Stephen Whitmore


UtahState INMeChsnicSladenospace,
UNIVERSITY englheering

11) Instrumentation, Calibration and Resolution

¢) Based on the spec ... 150 psig full scale = 90 mV + 5 mV output ... What is the expected
precision uncertainty of your measurement in terms of the percentage of full scale
reading? Y,

U K
_— PWC’S"’” = 950 x100 =5.56% ;,;/ care /
full/scale mV

In units of kPa? ... assuming a nominal pressure input of 1000 kPa? psig?

101325, %

Full / scale,, =150 pis 103421
u kPa pszg 4 696 kPa

¥ 556% v

x1000,, =+55.6kPa

14.696 K

_psig

= +55.6kPa x ag _ +8.067

precisionkPa 1 O 1 3 2 5 : psig

recisionkPa
b 100

I+

U

MAE 3340 INSTRUMENTATION SYSTEMS
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UtahState INtechsnicSladTenospace,
UNIVERSITY englheering

11) Instrumentation, Calibration and Resolution

d) You are going to sample the transducer output using one of two available USB-Based DAQ

e
o
&
z

devices
\” e . .
£ e Which Unit

Should you
: Chose? To give
o WsTomes the best
Q d
o . Resolution?
g
p
o

NI USB-6002 Low-Cost Multifunction

DAQ for Basic, Quality Measurements,

NI-6009 USB-Based DAQ, 8 analog inputs (16-bit resolution)

8 analog inputs (14-bit

resolution) INPUL TANGE......ceeeeeeeeeeeee e 10V
Input range
Differential ..+20 V2, +10 V, =5V, 24 V, 2.5V, 22 V,
125V, 21 V0

MAE 3340 INSTRUMENTATION SYSTEMS 29
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Engineering

11) Instrumentation, Calibration and Resolution

* Calculate the available least-significant bit (Isb)for NI-6009 and USB-6002 and compare

* LSB value in Volts/count, psig/count, kPalcount

NI - 6009 — select +1V minimum range

Ty ) .
Isb—>=—=0.12x10" \ 14-bit

/2 \

_, 0.12x107,,,

=0.0204
" 0006, e
» / png k \
101.325,,,.,
U, —0.0204 Psis _ ().140
pLLS 14.696 kP

count

count

\

USB\6002 — +10V fixed range

20V =0.305x107,,,

012107,
poig 0.006 T

Dsig

101.325

kPa-g

X i _().351
2814696 i

count

U, —0.051

count

14-Bit DAQ with +1V range has better selection for this application

MAE 3340 INSTRUMENTATION SYSTEMS

30



Stephen Whitmore

Stephen Whitmore

Stephen Whitmore

Stephen Whitmore

Stephen Whitmore

Stephen Whitmore

Stephen Whitmore

Stephen Whitmore

Stephen Whitmore

Stephen Whitmore


UtahState INtechsnicSladTenospace,
UNIVERSITY englheering

11) Instrumentation, Calibration and Resolution

* How many “counts” will your DAQ display for the nominal 1000 kPa reading?
~ 1000,

— —— ¥4 ="7142 counts

L 014 *_

count

* What is your estimated end-to-end measurement accuracy Include precision, hysteresis,

resolution of DAQ? U =+55.6,,, =——<p

precisionkPa

Uresolution kPa = +0.140 kPa 4_
~ Uhysteresis = il% Sullscale =
... or about X% of \ 101325 \
. . kPa
expected péadi +0.01x150 . x 2% =10.342

/ P87 14,696 Kpa

2 2 2
Utotal - \/U precisionkPa +U resolution kPa T U hysteresis ~

J55.6> +0.14% +10.342% 1, =+56.55,, 4

MAE 3340 INSTRUMENTATION SYSTEMS

31



Stephen Whitmore

Stephen Whitmore

Stephen Whitmore

Stephen Whitmore

Stephen Whitmore

Stephen Whitmore

Stephen Whitmore

Stephen Whitmore

Stephen Whitmore

Stephen Whitmore

Stephen Whitmore


UtahState Pzl & R TS
norneers
UNIVERSITY Z

V1. Probability and Statistical Analysis
12) Problem 3.20 Beckwith

Results from a chemical analysis for the carbon content of two materials are as follows:

Carbon Content, %

93.52 9281 9432 9377 93.57 93.12
9238 93.21 9255 92.05 92.54

= Material A
> Material B

Determine if there is a significant difference in carbon content at the 99% confidence level.

/

32
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V1. Probability and Statistical Analysis

1= Hepospac e,
MechianicallEg _‘m

12) Problem 3.20 Beckwith

rob 3320 Data Set 1 Data Set 2
# Samples 6 5
Raw Data
1 93.52 92.38
2 92.81 93.21
3 94 .32 92.55
4 93.77 92.05
5 93.57 92.54
6 93.12
7
8
9
10
11
12
13
14
15
Average 93.5183333 92.546
Standard Dev 0.52327494 0.42264642
Eq. 3.25a Num 0.00661979
3.25a Denom 0.00073562
Nu 8
t 3.40882001

\s

\‘f-/

/) A
X ‘;93.5- 7.5~
Sx 452 0,472 X = /=.95=.0)
| Y
E-gn 3.3% € = 3.409

Cap)v = Lposg = 33Ss  (Table 3.0)

Smee. ¢ > 3,355'f—— Sgnificond Diffininmce

't
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propellant formulations

INechanicIlGdrenospace,

13) Propellant Analysis

* We’ve Been asked to compare the performance of two HAN-based

1. ... The well known Army-Developed HAN LP 1846 HAN-Based
Monopropellant for Artillery and Ordnance Applications that consists of the
mass proportions shown by the table below

Engineering

LP 1846 HAN269MEOQ15
HAN TEAN Water HAN AN Methanol Water
(Ammonium Nitrate)

H H

Molecular | HO-CH; CH, 0 Molecular | }|l H 0 H
H-N-0-H'NO, | HO-CHyCHyN-H'NO, | H-N-O-H'NO, | H-N-H'NO, | H (|? 0-H
Struct | | |
cture H HO-CH; CH, Structure i H H

Wt. % 60.8 19.2 20.0 Wt. % ’ 69.7 0.6 14.79 1491 |

2. .. The lesser-known known Aerojet Formulation HAN269MEQO15 which
consists of the mass proportions shown by the table above

MAE 3340 INSTRUMENTATION SYSTEMS
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Engineering

Propellant Tests
The following results were collected for 8 HAN LP 1846 thruster tests

Test Results, HAN LP 1846

Test # PO, kPa F,.N Mdot,g/s Isp,s
’ 1w
a 0 |1 |3oas.7z |37.4 |29.61 |151.s4 X=— 1 % 12
’ A n xi Sa= Z[xt _'x] ;
a 0 Iz |2994.ss I36.12 |28.64 |151.77 i=1 n—1]
I 3 | 3150.54 | 38.31 I 29.94 I 153.45
4 3021.96 |36.51 29.01 151.54
5 2962.97 |35.69 28.71 149.83 Estimate of Estimate of the
6 294636 |35.47 27.8 154.26 the mean Standard Deviation
| 7 | 2947.05 | 35.49 I 28.1 I 153.12
8 2857.94 |34.12 29.19 139.75 - . Px = . x
A X, SU =x+I,,
Mean * n n
,-
a 0 J2995.9 36.1396  |28.8768  [150.659
Std Dev 4 =2.363
y c/2=0.475 =1 D.O.F =7
70 |90.7273 l1.28611 l0.718911 l4.618 | f
confidence
Conf. Interval \* / — t S _ 2.363-@ =3.86
. c/2=0475 v=T
/ interval Jn J8 A
70 |75.838 |1.o7so4 l0.60093 l3.86013 |

MAE 3340 INSTRUMENTATION SYSTEMS
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Engrineering

Results Analysis (cont’d)
The following test results were collected for HAN 269MEO15:

Test Results, HAN 269MEQO15
Test # PO, kPa F,N

Mdot,g/s Isp,s

9 0 313172 |38.08 J29.61 |154.7z
9 0o |2 3066.18 |37.19 I28.63 |156.67
3 3204.74 l 39.13 I 29.97 l 157.16
4 §3065.72 l 37.16 J29.01 l 154.55

Mean Values

Estimate of Estimate of the
the mean Standard Deviation

I.
30 §3117.09  |37.8904
Std Dev. Values

|29.303 |155.774

A ¥y

90 166.1503 l0.92865

Conf. Interval

|o.599395 |1.3327s

N\

. <U <X+t
/12,v X cl2,v
Jn

$

S

X

.\90 [10s188 147668 J0.953119 ]2.11927

* Only 4 HAN 269MEQ tests were
performed due to limited propellant

availability

MAE 3340 INSTRUMENTATION SYSTEMS

>4

e 475 =3 = 3-182

S D.O.F =3

confidence t 5. il
interval ¢/2=0475 v=3 \/; =J. ) =

v

\O]

119

Uy, =154.55+2.119sec
-
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UtahState INtechanicsedrenospIce;
UNIVERSITY englheering

Results Analy51s (cont’d)

e Based on these test results, Aerojet claims HAN269MEQO15
generates superior performance when compared to LP 1846
.. let’s evaluate that claim!

LP 1846 HAN269MEQO15
t,,, =150.659 x 3.86sec Uy, =154.55£2.119sec

e Use the “t-fest” and the appropriate degrees of freedom to assess
whether the observed differences in Specific Impulse are
statistically significant.

e Use a 95% confidence interval for this assessment.

MAE 3340 INSTRUMENTATION SYSTEMS 37
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UNIVERSITY Engineering

Results Analysis (cont’d)

| "t" for a Given Confidence Interval

7:_ 50% Conf.
' 68.4 % Conf.
a | ’ T T T 1T 90% Conf. [
53 I 95% Conf.
-7 @ 99%Conf.
5.5- 99.7% Conf
-5 | Gauss Dist. -
o 45-
xS
Yo a-
- 3.5-
3-
2.5-
5
1.5-
1-
0.5-! ,

1 |
1 10 100 500
Degrees of Freedom

IVIAL S99V INSIKUMENITATION SYSTEMS 20
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Results Analysis (solution)

e Calculate t-variable \ \ \

= f269MEO — X1 pi1g46 _ 155.774 — 150.659 =2.90054
2 : 2 21\ \ 0.5 sec
\/S 269MEO S” L pis4s ((1-33276 ) N (4.618 ))
N69 MEO™ nLP1846\ 4 8
e Calculate effective DOF \
2
\ S2269MEO + SzLP1846 :| l 332762 4_6182 2 - 894707
_ MNysomeo  Mrpisas 3 4 + 2 r
avg ~ r , , i ; > =
Ny6o MEO + N} pigac 1 2
Mosoreo =1 Mppigas — 1 P + -

MAE 3340 INSTRUMENTATION SYSTEMS Round to 9 DOF 39
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UtahState INtechsnicsledrenospIce;
UNIVERSITY Engineering

Results Analysis (solution)

| "t" for a Given Confidence Interval

t,c/2,v

8_

50% Conf.
68.4 % Conf.
90% Conf.
95% Conf.

-7 B 99% Conf.
5.5- 99.7% Conf

N= ' Gauss Dist. -

4.5-

e 1o
7_
5. —

N NNE
— kD

L0/95/2 v=9

I ——

I——
— |
1‘5- -
I

I ] I
1 10 100 500

Degrees of Freedom

MAKE 3340 INSTRUMENTATION SYSTEMS 40
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UtahState INMeChsnicSladenospace,

UNIVERSITY Engineering

Results Analysis (solution)

Integral data Probability density

P X > Xmax or P < Xmin

-5 -4 -3 -2 -1 0 1 2 3 < 5
(xgmu)/sigma

MAE 3340 INSTRUMENTATION SYSTEMS 41
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UtahState INtechsnicSladTenospace,
UNIVERSITY englheering

Results Analysis (solution) /

v v

X - X
[ = == = 290054 > 1, , = 2.258
\/S oo | S Lrisi
Mysomeo — Mrpisas
.... Performance of HAN 269MEOQ15 is statistically better than
HAN LP1846 at a 95% confidence level

.... In fact the statistical difference 1s valid up to a 98.2%
confidence level!

MAE 3340 INSTRUMENTATION SYSTEMS 42
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Engineering
14) Problem 3.24 Beckwith
Viscosity (Dimensionless)
Using Using A
Sample No. Apparatus A Apparatus B A Lo ‘B \/ :
—_ ‘O =177
1 72 73 g 5¢.8 $7%  t=-0144
) 43 45 X 1.9 Hi 17 XK= 1= GG=,01
3 54 56 £
4 75 75 %o,V = Lioosyi7 = 2BIE Table 3.C
5 50 53
6 48 50
T 13 72
8 55 54
9 48 48
10 50 52

Determine whether there is a significant difference in the two systems at the 99% confi-
dence level.

SV\C.Q_. [t < 2.29% — Wo Sfymﬁw
Differemca

MAE 3340 INSTRUMENTATION SYSTEMS 43
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14) Problem 3.24 Beckwith

prob 3.24 Data Set 1 Data Set 2
# Samples 10 10
Raw Data
1 72 73
2 43 45
3 54 56
4 75 75
5 50 53
6 48 50
7 73 72
8 55 54
9 48 48
10 50 52
11
12
13
14
15
Average 56.8 57.8
Standard Dev| 11.8958443| 11.1733811
Eq. 3.25a Num| 709.45282
3.25a Denom | 39.5683665
Nu 17
t -0.1937622

MAE 3340 INSTRUMENTATION SYSTEMS

INechanicIllGdrAenospace,

Engineering
I " B / |
& 108 @) =17
X se 2% t=-0194
SXK ”uq 1177 Xz~ 199 =,01!
tujp v = toos, 7 = R BIE Table 3.C

/R

Sne €1 < 2,992 — No Symfieot
Differemmca_
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