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What Motors Will You Fly?

Motor Lottery/Draft at 9:35 AM on Tuesday, 10
MAR 2015.

List on

http://www.eng.hmc.edu/NewE80/
RocketLaunchLab.html#Motors

Those with * require an extra-long motor mount
and MUST be reinforced with a layer of
fiberglass.

Scientific & Engineering Measurements

Scientific Measurements

— What you measure with a rocket.
— What are examples?
Engineering Measurements

— What you measure about a rocket.
— What are examples?




Experimental Measurements

* Mass ¢ EM Intensity
* Force — Radio

* Acceleration — Microwave
* Velocity —IR

¢ Position — Visible

* Displacement —-uv

* Orientation — X-ray

¢ Vibration — Gamma
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Experimental Measurements Il

Temperature —pH
Pressure * Phases

Flow Rate = Aerosols
Composition — Suspensions

. — Microstructure
— Partial Pressure

— Humidity * Sound
— Mass fraction * Images
— Mole fraction * Video

Experimental Measurements lll

Electrical e Time
— Voltage * Frequency
— Charge ¢ Phase
- Current « Angular
— Resistance .
— Position

— Inductance .

c it — Velocity
- n

apacitance — Acceleration

— Power




Digikey’s List of Sensors

Accelerometers (1069 items)
Accessories (3933 items)

Amplifiers (312 items)

Capaciive Touch Sensors, Proximity Sensor
1€ (569 items)

Color Sensors (126 items)

Current Transducers (1555 items)

Dust Sensors (17 items) .
Encoders (4286 items)

Flex Sensors (3 items)

Float, Level Sensors (533 items)
Flow Sensors (177 items)

Force Sensors (76 items)

Gas Sensors (69 items) .
Gyroscopes (246 tems)

Image Sensors, Camera (354 items) .
Inclinometers (44 tems) .
IFDA Transceiver Modules (294 items)

LVDT Transducers (Linear Variable .
Differentil

Speed (Modules) (3641 items)
Magnets (101 items)

Moisture Sensars, Humidity (354 items)
Motion Sensors, Detectors (282 items)
Multifunction (80 items)

Optical Sensors - Ambient Light, IR, UV
Sensors (639 items)

Optical Sensors - Distance Measuring (45

Optical Sensors - Mouse (117 ftems) .
Optical Sensors - Photo Detectors - CdS Cells
(a8 items) .
Optical Sensors - Photo Detectors - Logic
Output (131 items)

Optical Sensors - Photo Detectors - Remote *
Receiver (1139 items)

Optical Sensors - Photodiodes (990 items)
Optical Sensors - Photoelectric, Industrial
(11099 items) .
Optical Sensors - Photointerrupters - Sot

s - Compass, Magnetic Field +
(Modules) (23 items)

Magnetic Sensors - Hall Effect, Digital Switch,
Linear, Compass (ICs) (3023 items)

Magnetic Sensors - Position, Proximity,  *

Optical sensors Slot
7

(325 items)
Optical Sensors - Reflective - Logic Output
(130 tems)

Position Sensors - Angle, Linear Position
Measuring (1213 tems)

Pressure Sensors, Transducers (26694 items)
Proximity Sensors (3759 items)
Proximity/Occupancy Sensors - Finished
Units (236 items)

RTD (Resistance Temperature Detector) (60
items)

Shock Sensors (18 items)

Solar Cells (85 items)

Specialized Sensors (359 items)

Strain Gages (21 items)

Temperature Regulators (3803 iters)
Temperature Sensors, Transducers (1031
items)

Temperature Switches (719 tems)
Thermistors - NTC (4972 items)
Thermistors - PTC (1253 items)

ype - Transistor Output (1164 ftems)
Optical Sensors - Phototransistors (781
item;

Optical Sensors - Reflectve - Analog Output.

Th i
items)

il Sensors (54 items)

Ultrasonic Receivers, Transmitters (77 items)
Vibration Sensors (35 items)
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What Spec’s Do We Care About?

Quantity Measured ¢ Speed of Response

Range or Span
Accuracy
Precision
Noise
Linearity

* Voltage Requirements

* Current Requirements

* Qutput Impedance

* Mounting
Requirements

Example — Altimeter

* Measure Absolute Pressure and Calculate

Altitude

— What range of pressures do we need?

— What accuracy do we expect?




Calculate Altitude from Pressure

100 -

Geometric altitude (km)

o
Pressure

Speed of sound

Mesosphere

Fstratopause

Stratosphere

[
Density (kg/m)

Temperature (K)

Karman e

i US Standard
ermosphere
aurora Atmosphere
FMesopause
lonosphere D layer
meteor

weather ballogn

NASA X434

http://en wikipedia.org/wiki/
File:Comparison_US_standard_atm
osphere_1962.5vg
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where

For the Troposphere

P

g

,[dr
oM

nf®

h = geopotential altitude (above sea level) (in meters)
P, = standard atmosphere pressure = 101325Pa
T, = 288.15K (+15°C)
dT/dh =-0.0065 K/m: thermal gradient or standard temperature lapse rate
R =8.31432 Nm/mol K (Current NIST value 8.3144621)

£=9.80665 m/s?

M =0.0289644 kg/mol

From 1976 US Standard Atmosphere

How Does Pressure Vary With Height?

Alt, (m) | Alt. (ft) | Alt. (mi) | P (Pa) | dP/dh (Pa/m)
0 0 0.000 101325 -12.01
200 656 0.124 98945 -11.78
400 1312 0.249 96610 -11.56)
600 1969 0.373 94321 -11.34
800 2625  0.497 92076 -11.12)
1000 3281  0.621 89874 -10.90
1200 3937 0.746 87715 -10.69
1400 4593 0.870 85598 -10.48
1600 5249 0.994 83522 -10.27,
1800 5906  1.118 81488 -10.07,
2000 6562 1.243 79494 -9.87
2200 7218 1.367 77540 -9.67,
2400 7874 1.491 75624 -9.48
2600 8530 1.616 73747 -9.29




Calculate Flight Height

Aerotech Arreaux Performance
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Assume 1 Mile AGL Max Alt

* Lucerne Valley at 3000 ft MSL, Claremont 1200 ft
=90 kPa

- P

ground

« P_...=74kPa

apogee

* Span=AP=16kPa
* Need to allow for Barometric Pressure Changes

+7% to —13%

« P_,. = MAX(104 kPa, 97 kPa)

* P, =64kPa

MPXA6115AC7U €

Table 1. Operating Characteristics (Vy = 5,0 ez, T, = 25°C unkess omanwise roted, P1 >

Operating Characteristics
prer—
| Prossure Range
‘Suoply Vorage
Suply Cumert
Minimum Prossuse Oftsef Y0 1o 86°C)
@Vy=s0von

Fit S Outonet ™10 10 85°C)
@Vs+50Vh

Ful Scale Spas 10 10 85°C)
G Vs *S0Vors

Acourscy™(@ 0 85°C)
Senstvey

Response Time®
Warm-Up T’

Ot Saaniny™

From Freescale Data Sheet

Symsol win
Por 5
Vs
Ve n
v, “m

#2)
v

it
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Nominal Values

« V@ P,,,=0.200V + (64 kPa — 15 kPa)+0.045 V//
kPa=2.41V

* V@P,,, =0.200 + (104 kPa — 15 kPa)-0.045 V/
kPa=4.21V

* Accuracy (Uncalibrated) +1.5% Vpg = #1.5%+4.7 V
=+0.071V=%1.57 kPa=+157 m

tR10%-90% = 1-0 MS, T= tp100,-900,/In(9) = 0.46 ms

Output Impedance

e Can drive circuit with 0.5 mA at4.7 VvV

* Impedance of driven circuit = V/II=4.7 V/
0.0005 A =9400 Q.

* Actual output impedance determined
empirically. How?

Choices on Conditioning

* Data Logger
—0Vto33V
— Input Impedance ~2200 Q
— 16 bit, 1 LSB = 3.3 V/216 =50 pv

1. Changegainso V=33V
—1LSB=50puV=0.16 m=6in

2. Change gain and offsetso V_;, =0V& V.. =
33V

—1LSB=50uV=0.06m=24in




Signal Conditioning
Does it need a buffer amp? How would you
know?
How do you change the gain?

How do you change the gain and offset?
What about aliasing?
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Single-Sided Circuits
(Will visit again under Flight Hardware)

Data logger expects 0 V to 3.3 V signals
Classical op-amp circuit power +15 V
Low-voltage op-amp circuit power
—+14Vto+3V
— 0-to-2.8 Vto O-to-6 V
Signal offset
Reference offset
Virtual ground

Inverting Amps




Non-Inverting Amps
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Can You do Single Sided for:

« Differential Amplifier?

* Integrator?

* Transimpedance Amplifier?

* Sallen-Key Filter?

* Bipolar sensor like piezoelectric vibration?

Example — Gas Sensor

* MQ-2 CH, Gas Sensor (Digikey, Parallax, or
Pololu)

L. If
i T -
EE =
1 Y
it > Fg2
Fig. 1




Other Specs

SPECIFICATIONS
A. Standard work conditicn
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Symbal T Paractor nam T Tochaical _condon
Ve | Gircwin voltage [sva01
Vg | Meating vobage | SVao
R, | Lowd resistance | can adjust
Ry Hleater revistance B0 +5%

C. Sensitivity characteristic

| Wieating consemption

1 Tews than 800=w

Symbol [ Parameter name Techrical parameer | Remarks
R Sensing IKO.0K0 Detecting concestratsm
Resisnce (1000ppm s butane ) seoper
| 205w S000ppm
a Concentration LG and propane
(3000000 Slpe  rate 06 300ppe-5000ppm
Standard Temgr 20T 42T Vesv0.1 S000ppm- 20000ppe
Detectag Humidiry: 65%+3%  Vh: SVa0.1 methane
Conditicn | | 300ppe-S000ppm H
Preheat time Over 24 bour 100ppes- 2000ppm
1 Alcobol
-2
AL L

Fig 2 sensitivity characteristics of the MQ-2

Power Calculations

e 5V @ 800 mW =160 mA.
* 5V@330=150 mA.

* Standard 9 V battery is ~250 mAh
— Would last about 1 % hours
— Separate battery for sensor and system.




Signal Conditioning

Must get air to sensor.

Resistance changes with gas concentration.
Designed to work in voltage divider.

Need R in range of approx. 3 kQ to 30 kQ.
Need buffer amp.

What is time constant?
http://www.parallax.com/catalog/sensors/gas
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for more info

Example — Particle Sensor

o S—
= Internal schematic  GP2Y1010AUOF

{ 1 VAED
Dust Bvough hole L | o2 2 LED-GND
1 3 LED
o8  4SGND
. 5 Vo
Dust o Smchs owrtese A Ampiifier Ciroult | 5 & Ve

Driving & Reading Circuits

Fig. 1 Input Condition for LED Input Terminal

Fig. 2 Sampling Timing of Output Pulse

10



Output & Caution

Fig. 3 Output Voltage vs. Dust Density

vt votage (V)

Duat densty (v

10 Vibration influence
The sensor may change its value under mechanical oscllation, Before usage, please make sure
that the device works normally in the application
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Driving Circuit

intersijl. ICM7555,
The Smee can aiso be conected & shown in Figum 28. In Bis
oras, the frequoncy is:
1= 1Ad/(R, < 2RIC (€a 2

Tha duty cycle i contralied by he vakas of Ry and Rg, by e
oquation:

D = (A« Rg)/(Ry + 2Rg) €y

D must be 20.5

FIGURE 28, ALTERNATE ASTABLE CONFIGURATION

See http://www.physics.udel.edu/~nowak/phys645/555%20timer%20lab_files/555%20timer%20lab.pdf
for alternate duty cycle control

Reading Circuit

Pulse Width 0.32 ms

* Minimum 1 point

* Best 10 points

* Sample rate = 10/0.32 ms = 31.25 kSPS

11



Could You Do Better?

IRED and Driver
Photodiode & Reading Circuit
Mechanical & Optical Chamber

Start at
http://en.wikipedia.org/wiki/Particle counter
for more information
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Example — Humidity Sensor

Check out Digikey

— http://www.digikey.com/product-search/en?

FV=fff4001e

%2Cfff80274&mnonly=0&newproducts=0&ColumnSor
t=1000011&page=1&stock=0&pbfree=0&rohs=0&qua
ntity=1&ptm=08&fid=0&pageSize=25

Digital, I2C — 18 s response time

Capacitive — 15 s, 5 s response time

Linear Voltage — 5 s response time

Digital, 1°C
Need microcontroller, e.g., Arduino Pro Mini
328 - 3.3V/8MHz <Sparkfun>
Power separately from data logger
Must synchronize
Must program

12



Capacitive

* How do you measure capacitance?
— Put in a timer circuit
— Putin an integrator
— Put in a voltage divider
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In a Timer Circuit

Jntersijl. ICM7555,

T4RC (EQ.1)

HS1101LF (Capacitive) — )
HS1101LF - Relative Humidity Sensor !'I'IEBSUI’GI‘!}EH_E..

ELECTRICAL CHARACTERISTICS OF HUMIDITY SENSOR
(Ta=25TC,

/1V unless

Symbol Min | Typ | Max Unit
"Humidity Measuring Range RH 1 99 %RH
Supply Voltage Vs 10 v
Nominal capacitance @55%RH " c 177 | 180 | 183 oF
Temperature coefficient Te 001 PFIC
Average Sensitivity from 33% to 75%RH ACHRH 031 DF/%RH
Leakage Current (Voo=5V) 1 1 nA
Recovery time after 150 hours of condensation tr 10 s
"Humidity Hysteresis - FRH
Long term stabilty T +05 %RHIyr
Time Constant (at 63% of signal, stil air) 33%RH to 80%RH ta 3 5 s
Deviation to typical response curve (10% RH o 90%RH) 2 %RH

(1) Tightor specifcation avallable o request

13



TYPICAL PERFORMANCE CURVES

POLYNOMIAL RESPONSE OF HS1101LF
C (pF)=C@55 %"( 3.903 10°RH"-8.294 10%"RH?+2.188 10°RH+0.898)

TYPICAL RESPONSE LOOK-UP TABLE (POLYNOMIAL REFERENCE CURVE) @ 10KHZ/ 1V

mea | o | s [0 [ | o | | % [ % |0 | s | s |
ooR | 1610 | 1636 [ tesa | 1or2 | 1690 [ 1707 | 1723 | 17 | w7ss | 7o | wmes |
RH (%) 55 60 65 70 7 80 85 %0 95 100
Cp (pF) 180 181.4 | 1829 | 1843 | 1857 | 187.2 | 1886 | 190.1 | 1916 | 193.1

REVERSE POLYNOMIAL RESPONSE OF HS1101LF

RH (%) =-3.4656 10" X*+1.0732 10°**X"-1.0457 10**X+3.2459 10*%)
With X=C{(read) / C@55%RH

MEASUREMENT FREQUENCY INFLUENCE

In this data sheet, all capacitance measurements are done @ 10 kHz / 1Volt. However, the sensor can operate
without restriction from 5 kHz 0 300 kHz.

HS1101LF continued
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Timer Calc’s

f 5.291:kHz f@RHmin 5878 :Hz
5291 :Hz f@RHmMax 4939 :Hz
Cnom 180 :ipF Af/ARH -9.58:Hz/%Rh
1.8E-10{F Min Frame : 0.1044 s
R 7500000 Min SR 11755iSPS
750 (kQ SR 58777 :SPS
58.78 (kSPS

The sample rate will need to be twice the frequency and
preferably 10X. The frame size needs to be the reciprocal
of the frequency resolution

Integrator

Reset or Set IC

1
o V )=V (t)-——
Vout aut( 1) m( 0) R] (;V1

: I

Ip—o

14



Issues

* Easiest input is constant voltage
— Output is then a ramp
— Calculate Cfrom ramp slope or time to V.
— Ramp up or down? Single-sided supply?
* How control reset switch?
— Solid state switch
— Signal generator
— Comparator

* Are you just making an oscillator?
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Voltage Divider

* Need sinusoidal input

R
Ec m lcz

1
Vout — 1 Vm\t — ja)CZ - 1
V. 1+jRCo V. 1 1 C
in in . +- 1+ 2
joC,  joC, C

Voltage Divider Performance

Voltage Dividers
(R=750k, 1=2039 Hz)
0.55

——VNO (CIC)
— VO (RC)

80 10

0

20 a0 60
RH (%)
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How Do You Generate a Sine Wave?
XR-2206

v Monolithic: .

ﬂ EMR e analog plus company ™ Function Generator Available on eBay
7 L
rearunes APPLICATIONS vaduc! What killed it?
® Low-Sine Wave Datorion 0.9%, Typcal © Wovsicm Geraration
© Excatort Termpatature Statity X6pmrC, Trp * Swsep Gerweatcn
o Wit Sweep Rarge, 20001, Typicst o AMPM Generaton
® Low Supply Sermivary, 0075V Typ. o
o Lrows Amoseuse Modaton O

o #5K Ganersion

® TTL Compantie FSX Controls
o W Supply Parge, 10V 028V ® Mase Locked Loogs (VCO)
© Aduatatie Outy Cyce. Y% TO 9%

GENERAL DESCRIFTION

The XAZI08 | & mosckne Ancton genermicr The Cecut | Wealy suted kv communceions.

Quasty wra. 2 Ancion generator spplcatons

S, Warge, mmp. IS puse wawelema Of  HGUG Beusodsl e, AV, P, o FEX generstion. i

Opoen/"C. The cacene

20 amptucie and begusncy moddated by an el wquency Can be kneary swegt over 8 2000 1 Feguency

votage Frequency of Operaion can De selecied e wih an exiermal Conl votags, whve MantAneg
extermaty over 8 range o 0.01HI 0 more an INMZ. tow Getorion
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How Do You Generate a Sine Wave?

e http://www.valvewizard.co.uk/
signalgenerator.pdf

e http://arduino.cc/en/Tutorial/
DueSimpleWaveformGenerator

* http://www.analog.com/media/en/technical-
documentation/data-sheets/AD9833.pdf

Linear Voltage
Honeywell

HIH.5000  HH.5001

HIH-5030/5031 Series L
Low Voltage Humidity Sensors

DESCRIPTION

The HIH-50305031 Series Low Voltage Humisty Senscrs The HIM-503V/5031 Series delvers instrumentation-qualty RH
operate down 10 2.7 Ve, ofen idesl in y Re ns
systoms where the supoly is @ nominal 3 Ve prced. sokderatio SMO.
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Table 1. and 25 C[77
Parameter Minknum | Typicsl | Maximum [ Specitc
! | Note
Ieomrchargesbty )
% R 10 10% R, 5% o 15 100% R4 R - 4 "ot
11% RH 10 69% RH | { T ] NRH
Accuracy (best f syaght ine) 11% RM 1o 0% AN _| 1 | - "R <
Mpterses 1 2 1 Y]
Regeatadity I T S S Y
Setting tme | | 7 | m
Renporsn S (U n sow moving 1) = s 1 - 1" | -
Saatity (st 5% oA 5 years) | S N ¢ N S YR S
Vorage supoly 27 1 - "1 &8 | wve | 2
Curent supply - 200 %0 A -
VoRege cutout (1 crder curve 1) L Vo™V 0. 00636 sarsor RH) + 0 1515), typical at 25 C
Tempacaare I 1~.a«-(wmmm 00G216T) T C
Outout voltage ey cosficient ot S0% RH. 33V | [_mvre
Oparating temperature ] s..rw‘z LU I —
Opergting humigty (4B4-5000) i (] (Seafgee2 | WO | sRr | 3
_Operuting humigey (HIH.-5031) 1 0 (SesFgue2 | w0 | wRw -
Snrage tergenare T vaspst) | crf
Seafgued = ol 3
'nuhnw-: General Notes:
* Sorwor s ratomaetrc 1 supsly Vot
z Device is tested at 3.3 Vidc and 25 °C. . % RH
Non-condensing envicnment. When Igu water falhs 0° of 3% Rk
¥ ot goms 08  Sersor ks
actnteg 20 umily sarmor o brght Sght
archangaabity v
4. Towl accuracy nckaing - 03 %01 e SO
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Figure 4. Typical Output Voltage (BFSL) vs Relative Humidity (A10 °C, 70 "C and 3.3 Vdc.)
3

Output Voitage (Vdc)
&

05

20 40 60 80 100
Relative Humidity (%RH)

Figure 7. HIH-5031 Mounting Dimensions (For reference only. mmyin])

The challenges 4,17 20,05
are how and Jb’fo 0164 20.002) 267
where to connect 0Lro = _loz %’:’o&q 10.105)
it, how and where v v
to mount it, and _omn ¥

" [0.028] 0,41
how 'Fo get airflow 8,59 40,05 (0016)
over it. [0.338 £0.002]

,.ml_/@

P
> Eg

A,
]_
5
8
i
&

B
2
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Where to look for sensors

Digikey: http://www.digikey.com
Mouser: http://www.mouser.com
Arrow: http://www.arrow.com
Sparkfun: https://www.sparkfun.com
Pololu: https://www.pololu.com
Parallax: http://www.parallax.com

SGX Sensortech: http://sgx.cdistore.com
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