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[bookmark: _Toc209679004][bookmark: _Toc210622161][bookmark: _Toc210651634][bookmark: _Toc210651688][bookmark: _Toc210697314][bookmark: _Toc211046708]	1.1 Project Motivation	
			Robotic Microphone Stand for Pogo Studio
	Musicians in a music studio always try to record sound with good texture. There are multiple ways of doing that, the one to our concern, is the relative position of sound source and the mic recording the sound. As Mark pointed out, this relative position is so critical in the ears of sound recording professionals that even half an inch’s difference in mic position would cause huge effect on sound texture. The problem is that, since he would always move the mic to try to get the right position, he needs to go forth and back between the recording room and control room, which might take up to 2 minutes each time. However the memory of sound texture does not last that long, even for a trained musician like himself. So in order to be able to remember the sound texture while move the mic, he is seeking for a remote controlled mic stand. The mic stand should be controlled remotely by a control pad in his control room, and the mic should be able to cover a space of 3feet*1.4feet*4feet. Besides that, a position remembering feature would be needed because it is so hard for human beings to move the mic away and move it back to the exact position it used to be.
[bookmark: _Toc209679006][bookmark: _Toc210622162][bookmark: _Toc210651635][bookmark: _Toc210651689][bookmark: _Toc210697315][bookmark: _Toc211046709]	1.2 Objective
The goal of this project is to build a robotic microphone stand, which can precisely retrieve previous locations and be remotely controlled from the listening area in the studio to keep studio worker’s audio memory for better sonic comparison and eliminate unnecessary potentially hazardous work in the recording area. The microphone stand will have three tracks for horizontal (X, Y) movements, and one additional track for vertical adjustment (Z). The approximate dimensions for this microphone stand is 3feet in length, 1.5 feet in width and 4 feet in height. Three 12V DC gear head motors are needed to drive the tracks and realize three-dimensional movements. Bluetooth modules are to be used for remote control and 10 push buttons and a switch are to be on the user’s control inter face. Location retrieving will be implemented with motor encoders and by setting a reference point at the center of the stand.

Features
· Three-dimensional movements (left, right, up, down, forward, backward) with in required range (3ft*1.5ft*4ft).
· Wireless remote control. Bidirectional wireless communication between the mic station and control interface.
· A user interface will be built with 6 buttons for movements, 4 buttons and a switch for memory operations, and a power press.
		
		Benefits
· Significantly reduce the time gap between moving the microphone from one place to another. Consequently, studio workers can keep better audio memories for better comparing sound effects.
· Position memorizing makes mic adjusting and sound effects comparing more convenient.
· The functionality of remote controlling makes the presence of an assistant in the recording area not necessary, providing a less hazardous working environment.
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Figure 1: Block diagram
[bookmark: _Toc209679009][bookmark: _Toc210622165][bookmark: _Toc210651638][bookmark: _Toc210651692][bookmark: _Toc210697318][bookmark: _Toc211046712]2.2 Block Description
[bookmark: _Toc210651639][bookmark: _Toc210651693][bookmark: _Toc210697319][bookmark: _Toc211046713]2.2.1 12V battery/6V battery
	The 12V battery is located at the microphone stand end and will be the power supply for the three motors and the control units. The voltage is regulated to 5 volts using a 5V voltage regulator (LM7805A). In this way, there are two different voltages at this end, one 12V and the other 5 V. The 12 V power supply is connected to the three H-bridges and power is transmitted from the H-bridges to the motors. And the 5V power supply is connected to the RF module and the two PICs.
[bookmark: _Toc210651643][bookmark: _Toc210651697][bookmark: _Toc210697323]	At the user input end, we only need 5V voltage supply. Four 1.5V AA batteries are used to provide a 6 V DC voltage. And then the 6V voltage is regulated down to 5V using the same 5V voltage regulator as in the microphone stand end.
[bookmark: _Toc211046714]2.2.2 Control Interface & Encoder
	This is the user’s controller of the whole station. We are going to build a control board. The control board is a wood box with press button and switch built in. Controls include six direct movement button (Forward, Back, Left, Right, Up, Down), and a memory operation switch (Save/Read) and four memory buttons (M0, M1, M2, M3) for four memory locations. If the switch is in Save position, any press on the memory buttons would be interpreted as write into memory the current location. Similarly, if the switch is in Read position, any press of the four memory buttons would be interpreted as read out the address in the memory. The whole system should reset itself upon power on, or we can have a reset button, which would be simpler to implement.
	To be clear, there are three kinds of encoders we are to use (Do not blame us for the unclearness because we are not the persons who named them). This encoder is in factor just an16-4 encoder that translates our 14 instruction presses in 4 bit binary language as shown in figure 3. We code the instruction in order to reduce the bits needed to be sent through wireless devices. The reason is that this enables us to use 8 bit transmitter/receiver pair, which is, of course, cheaper.

	Code
	Instruction

	0000
	Forward

	0001
	Backward

	0010
	Left

	0011
	Right

	0100
	Up

	0101
	Down

	0110
	Store1

	0111
	Store2

	1000
	Store3

	1001
	Store4

	1010
	Retrieve1

	1011
	Retrieve2

	1100
	Retrieve3

	1101
	Retrieve4


Figure 3: 16-to-4 encoder truth table


[bookmark: _Toc211046715]2.2.3 Remote information exchange
	We choose to use LinX Modules for all the wireless communication between the station and the control interface. We need only one set of device to implement one-way communication. A set of devices contains an encoder (transmitter encoder), transmitter, a transmitting antenna, a receiving antenna and a decoder (receiver decoder). Since we have 14 instructions in total (4 read, 4 write, 6 move), at least 4 bit is needed to code those instructions. That is to say, 4 bits needs to be send through the LC module from the control side to the PIC on mic station. Taking this into consideration, we chose decoder LICAL-DEC-MS001 and the corresponding encoder LICAL-ENC-MS001 since this combination is able to transfer information in 8 bits--sufficient for our purpose. The encoder compiles 8 bit signal (4 of which we would use) into a series of signal and pass it on to the transmitter to send it out through antenna. The receiver, if correctly paired with the transmitter, takes the series signal in and passes it on to its decoder, which decode the series signal and reconstruct the signals at the encoder input end. 4 control signals for the motors are to be sent in this manner from the PIC to the station. A TXM-433-LC/RXM-433-LR transformer/receiver pair is needed. Figure 4 and figure 5 show the schematic of the RF transmitter and receiver.
	Besides, corresponding EVAL-XXX-LC evaluation kits are not needed for testing, because we can implement simple but sufficient test cases ourselves. This will be discussed in requirements and verifications. 

[image: Macintosh HD:Users:yuanweih:Desktop:TXM.png]
Figure 4: RF transmitter module schematic
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[bookmark: _Toc210651644][bookmark: _Toc210651698][bookmark: _Toc210697324]Figure 5: RF receiver module shematic

[bookmark: _Toc211046716]2.2.4 Processing Unit (PIC 16F877)
To be noticed, the two PICs are located not on the control side, but on the mic station side. We plan it this way to avoid sending back address data from the mic station to our control end, which is possible. However, it is neither economical efficient (we have to have bidirectional wireless communication devices) nor stable (to send more signals decreases the overall functioning speed and increases possibility of error).
This unit performs as the central processing unit for our project. It is based on a state machine, which takes in input values directly from the user controller interface, and then manipulates the built-in memory and output the required signals for motors.
	PIC16F877 is used in our project. The reason is two-fold (again). First, we designed to have 11 button inputs, 24 address inputs and 6 outputs of the PIC, and thus two 33/40 PICs is sufficient for our purpose. Second, this chip contains 256*14bit data memory, which is enough for our need of 6*8bit information. The waste in memory space is inevitable because the other choices do not give us enough bidirectional pins and they have almost the same level of memory space (128*14bit, still wasting). In fact, they are too cheap to get and we do not consider it “wasting”. 
	As discussed above, two PICs are needed. The first takes in user instructions and send out control signals, this is the one that has state machine built in. The other PIC, however, only takes care of memory related instructions. It has 24 bits address input bits connected to the encoders and 3 bidirectional data lines connected to the first PIC (referred to as PIC#1). 
We need this PIC#2 for clearness in implementation and enough number of pins. The PIC#2 takes in current address value, stores it into CAR (current address register). It also has the memory which contains four preset addresses. It also performs the logic of comparing two address values and send back instructions to PIC#1 for PIC#1 to control motors to retrieve a location.

[image: \\ad.uillinois.edu\engr\instructional\kjiang4\Desktop\Statemachine.png]
	
Figure 6: State Machine for PIC#1



[bookmark: _Toc210651641][bookmark: _Toc210651695][bookmark: _Toc210697321][bookmark: _Toc211046717]2.2.5 Motors
	The aluminum tracks provided in the ECE machine shop are comparatively heavy, and a normal microphone weighs one to three pounds, so we need to use gear head motors, which can provide much higher torque, to smoothly move these tracks and the microphone. Our project will use three Pittman 12V DC gear head motor with 65.5:1 gear ratio and 480 oz. continuous torque. Figure 2 is the motor we are going to use. A Pspice simulation for the motor is shown in Appendices A. Also, the datasheet for the motor is shown in Appendices B.
[image: ]
Figure 7: Pittman gear head motor

[bookmark: _Toc210651642][bookmark: _Toc210651696][bookmark: _Toc210697322][bookmark: _Toc211046718]2.2.6 H bridges
	In order to move the microphone in three-dimensional directions, the three motors must have the ability to rotate both in forward direction and in reverse direction. In our project, we are going to use two dual H bridge driver chips (NJM2670D2) to make motors run both forwards and backwards. Shown in figure 3 is the basic structure of an H bridge. It consists of four switches. With different combinations of on and off of the switches, the motor will have different motions. Figure 4 shows how motor reacts depending on which switches are on. Shown in figure 10 is the detailed pin layout for the H bridge chips we are going to use.

[image: ]
Figure 8: Structure of an H bridge

	S1
	S2
	S3
	S4
	Motor Motion

	1
	0
	0
	1
	Right

	0
	1
	1
	0
	Left

	0
	0
	0
	0
	Coast

	0
	1
	0
	1
	Brake

	1
	0
	1
	0
	Brake

	1
	1
	0
	0
	Shoot-through

	0
	0
	1
	1
	Shoot-through

	1
	1
	1
	1
	Shoot-through


Figure 9: Detailed motor motion depending on deferent switch combinations

[image: Macintosh HD:Users:yuanweih:Desktop:Hbridge2.png]
Figure 10: pin layout for NJM2670D2 dual H bridge chip

	





	Figure 11 shows a Pspice schematic for a single H bridge. We are going to use this for further simulation work.
[image: ]
Figure 11: H bridge schematics

[bookmark: _Toc211046719]2.2.7 Motor Encoders
	We adapted Incremental Absolute 8 bits Encoder in this project. 
The reason is two-fold. First, we can simply take the raw data output from the encoder and send them to our PIC#2(memory processor). Second, in order to retrieve an address, we need to compare two addresses and determine which direction we should drive the motor, and thus Gray code encoders would bring us huge trouble in doing this. However incremental addresses are easy to compare with simple logic inside PIC (bit check in PIC program)
Encoder outputs directly into PIC#2. Three encoders (x, y, z) each with 8bits takes up 24 input pins of the 33 IO pins of the PIC#2. 
	The dimension of our station is 3ft*1.5feet*4ft. Since we use 8 bits representation for all the three direction encoding, we have a difference in precision. Least precise measurement takes place in up/down direction which is 4ft in dimension. Since we divided up the vertical axis with 2^8=256, we can be accurate as 4ft/2560.5cm. The required increment in motion by Mark is 0.5inch1.27cm, and thus our preciseness is good enough. This also tells us a 7 bit encoder would not be sufficient for our precision. 



[bookmark: _Toc211046720]2.2.8 Schematic for User Input End
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Figure 12: Schematic for user input end






[bookmark: _Toc211046721]2.2.9 Schematic For Microphone Stand End
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[bookmark: _Toc211046722]2.3 Mechanical Design	
	As shown in figure 14, the basic idea of how we are going to use a motor to drive the microphone along the tracks is to apply a lead screw. Both the track and the lead screw have a small movable part. They are stuck together so that when the motor rotates, the movable part on the lead screw will put the movable part of the track in motion.[image: ]
Figure 14: Basic mechanism

	Figure 15 shows the top view and the front view of our mechanical design. As we can see from the drawing, three lead screws are needed for three-axis movements. Four tracks are needed because we will use two tracks in the X direction to make the whole design stable. Also, three motors are used to drive the three different lead screws.
[image: ]
Figure 15: Top view and front view of our design
	






	Fig. 16 shows a three-dimensional overview of our design.
[image: ]
Figure 16: Three-dimensional overview
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[bookmark: _Toc211046723]3. Requirements and Verification
[bookmark: _Toc209679011][bookmark: _Toc210622167][bookmark: _Toc210651649][bookmark: _Toc210651703][bookmark: _Toc210697329][bookmark: _Toc211046724]3.1 Requirements and Verification
	1.Motor torque check/ H bridge current
	1.
a) Z motor torque check : 1.76lb
   mic(1lb)+mic-hold(0.2lb)
+lead screw nut(0.46lb)+fraction(unknown, but vertical direction see small fractions, assume 0.1lb for torque check)
b)X motor torque check:<6.48lb
(Z motor torque (1.76lb)+Z motor(1.2lb)+lead screw(1.5lb)+track(<1lb)+wood board(<1lb))*(fraction coefficient)
c) Y motor torque check:<10lb
(X motor torque) + (lead screw(1.5lb) + motor (1.2lb) +track (<1lb))*(fraction coefficient)
*since fraction coefficient is less than 1, we calculated the up bound for torque need by setting it 1
**the motor should be tested under 12V and 10lb load, it should operate at current lower than 1.5A, which is the max current for H bridge we use.



	2. wireless connection accuracy
	2. 
a) We here test all 8 bits of the en/decoder we use to make sure they all work correctly. 8 test cases are generated for 8 bits to make sure the decoder reproduces whatever the encoder sees. So we try at the encoder end 8 cases:
10000000
01000000
00100000
00010000
00001000
00000100
00000010
00000001
If decoder sends out exactly the same value in every case we say the wireless connection if good for one instruction.
b) Now we test it with series input instead of one single input. Here during each test we flip the value on the encoder input end and check whether decoder outputs the same value.
Encoder sees:
01010101
10101010
01010101
We test the operation under 2400 baud rate. Again if decoder sends out exactly what is pumped into encoder then wireless instructing is working correctly.
*note the same procedure should be applied on both set of wireless devices (433/418). If they all work fine then we have the communication part set.
** Checking the logic value is done by measuring output voltage of decoder (D0~D7)
Logic low should be <0.5V and logic high should be >4.5V so that they can trigger logic high/low in next logic device.
*** Even though we use only 4 bits in the pair, we want to test the other four as well for future
(who knows what happens in future…)

	3. wireless connection range/strength
	3. This test is to be performed in Pogo studio where all interference presents in the environment (especially the glass wall between control room and playing area). Spec of the antenna says it could perform in the range of 300ft (90m) which is much larger than studio area. This time a simple test aims to see if signal is able to reach the receiver.
Encoder sees 
10101010
Check for decoder if it outputs the same.

	4. PIC#1 
	4.
Functioning of the programed PIC could be tested separately. We connect it to the control interface and test it with al inputs. Again output voltage should fulfill low(<0.5V) and high(>4.5V) to be considered correct. Alternative test includes an 8-toggle-switch-chip and a 10-led-chip (see part list for details).
Test cases:
a) 6 direct movement presses
If any of the 6 buttons is pressed the corresponding 2 outputs should follow the datasheet given in H bridge table. This requires 4 tests for each motor ( forward, backward, left, right, up down) and thus 12 tests in total
Check that if every one of the 6 input set the H bridge signal to corresponding value in H bridge table ( refer to H bridge sec)*
*This test could be done with/without wireless devices, but we prefer to check it together. (To check it separately one needs to manipulate the 4 input pins of PIC#1 according to instruction coding table to test up all possibilities.)


	5. PIC#2
	a) 4 memory write
Each address consists of three 8 bits value. For consistency it is in the form of [x;y;z]. Three 8-toggle-switches mentioned above are to pull input of PIC#2 high/low
Test cases:
1.WE=1,RE=0
Input:
[11110000;11110000;11110000] 
Switch to bank1 in PIC#2 and re sign the same locations as output, substitute switch chip with led chip, then
RE=1, WE=0
Check if output is
[11110000;11110000;11110000] 
2. 1.WE=1,RE=0
Input:
[00001111;00001111;00001111] 
Switch to bank1 in PIC#2 and resign the same locations as output, substitute switch chip with led chip, then
RE=1, WE=0
Check if output is
[00001111;00001111;00001111] 

 

b) 4 memory read ( the order of read/write tests do noes matter because we are not “reading out of PIC#2” but “read inside PIC#2 and write inside PIC#2”
Testing cases for each memory location ( we test every high/low for every location):
[11110000;11110000;11110000] 
[00001111;00001111;00001111] 
First set memory value by switching bank of PIC#2 (discussed in detail in verification 5a))
Set Read=1 (Read is the input pin define in the program)
Output the reference register value in the same manner as in 5a).
Check if output exactly equals input.
c) Comparison test ( this is to be performed AFTER test 5a), test5b),test 4 and test1)
Set reference register to
[10000000;10000000;10000000]
Disconnect signal from PIC#1 to H bridge and power down the 12V battery to ensure free movement of mic stand by hand. 
Vary locations six times to six ends of the three tracks each time. Since we set reference to be the middle point, moving the stand from one end to the other would theoretically cause a sign change in comparison and thus a flip of the corresponding bit out of PIC#1 to H bridge.
Check if control signal from PIC#1 flips.





[bookmark: _Toc209679013][bookmark: _Toc210622169][bookmark: _Toc210651651][bookmark: _Toc210651705][bookmark: _Toc210697330][bookmark: _Toc211046725]3.2 Tolerance Analysis
	Two processes are of most concern.
	The first is the wireless communication process. Even though we have adapted a plan such that minimum bits of signal needs to be transferred between the control end and the station end, there still exists high possibility of error in these processes—at least, wireless part is less stable compared to other processes we have during the whole processes, especially in a high interference environment. Unfortunately, the working environment of this device—music studio—is a high interference environment. In order to know how unstable the wireless communication is, we need to perform tests in Pogo studio, given all the tests results stated in verifications are good. It is indeed impossible for one to model interferences in the studio. However we can still tests it under extreme conditions in the studio—heavy metal music, electrical instruments operates under high power level,
	Even though we have chosen the wireless module to overcome the problem stated above with its ability of coded pairing and distanced signal exchange capability, we still consider testing in real-life for any unpredictable is necessary and critical.
	The second is the location retrieving process. The verifications above make sure that every single part of this process takes in and returns the expected value. However we would double check since this is the most complicated process in the whole project. The testing idea is simple—we test as many combination of start and end point of retrieving as possible. Basic tests should include 8 cases:
In X direction: we need to go back / forward;
In Y direction: we need to go back / forward;
In Z direction: we need to go up / down;
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[bookmark: _Toc211046726]4. Cost and Schedule	
[bookmark: _Toc209679015][bookmark: _Toc210622171][bookmark: _Toc210651653][bookmark: _Toc210651707][bookmark: _Toc210697332][bookmark: _Toc211046727][bookmark: _Toc209679016][bookmark: _Toc210622172][bookmark: _Toc210651654][bookmark: _Toc210651708][bookmark: _Toc210697333]4.1 Detailed part list and cost
	Module
	Part
	Part #
	Unit Price
	Quantity
	Subtotal

	Power Supply
	Xtreme Plus 12V 35AH Battery
	XPA 12-35C
	$24.95
	1
	$24.95

	
	1.5V AA battey
	N/A
	$0.99
	4
	$3.96

	
	5V voltage regulator
	LM7805A
	1.10
	2
	$2.20

	Motor and motor control
	Pittman 12V DC Gearhead Motor
	GM9434G807
	$19.99
	3
	$59.97

	
	H bridge
	NJM2670D2
	$1.99
	2
	$3.98

	
	Motor Encoder
	SKU C3A 27
	39.99
	3
	$119.97

	Signal transmitting
	RF transmitter
	TXM-433-LR
	$6
	1
	$6

	
	Encoder for RF transmitter
	LICAL-ENC-MS001
	$3
	1
	$3

	
	RF receiver
	RXM-433-LR
	$6
	1
	$6

	
	Decoder for RF receiver
	LICAL-DEC-MS001
	$3
	1
	$3

	
	Antenna
	ANT-433-CW-QW
	$7.45
	2
	$14.9

	PIC
	PIC Micro-controller
	16F877
	$10
	2
	$20

	Machinery
	Aluminum tracks
	N/A
	$5/10feet
	12feet
	$6

	
	Lead screw
	N/A
	5.95
	3
	$11.9

	
	Aluminum base
	N/A
	$5
	1
	$5

	User Input
	Push button
	CKN9009-WB
	$0.47
	10
	$4.7

	
	Toggle switch
	MST1150
	$0.88
	1
	$0.88

	
	Power switch
	RLEIL RL3
	$0.99
	1
	$0.99

	Testing
	DIP switch
	76PSB08
	$0.5
	2
	$1.0


Total part cost: $298.40


[bookmark: _Toc211046728][bookmark: _Toc209679017][bookmark: _Toc210622173][bookmark: _Toc210651655][bookmark: _Toc210651709][bookmark: _Toc210697334]4.2 Labor cost
	Member
	$/hour
	Hr/week
	Hr in total
	Total/Person
	Multiply by 2.5

	Kai
	$35
	15
	180
	$6300
	$15750

	Weihong
	$35
	15
	180
	$9000
	$15750


The total labor cost is $31500

[bookmark: _Toc211046729]4.3 Detailed Schedule
	Week
	Task
	Member

	9/16
	Write proposal
	Kai

	
	Finalize and turn in proposal
	Weihong

	9/23
	Visit Pogo Studio and research different microphone stands
	Kai

	
	Visit Pogo Studio and start design microphone stand
	Weihong

	9/30
	Write design review, research about PIC, motor encoder
	Kai

	
	Write design review, research about remote control
	Weihong

	10/7
	Visit Pogo Studio, order parts, visit machine shop, study PIC
	Kai

	
	Visit Pogo Studio, research motor encoder, study PIC
	Weihong

	10/14
	Start programming in PIC
	Kai

	
	Start testing RF transmitter and receiver
	Weihong

	10/21
	Hardware build-up and incorporate PIC1 unit
	Kai

	
	Hardware build-up, install and test motors
	Weihong

	10/28
	Test remote control functionality
	Kai

	
	Incorporate signals from the motor encoder
	Weihong

	11/4
	Implement location retrieving functionality
	Kai

	
	Implement location retrieving functionality
	Weihong

	11/11
	Test location retrieving functionality
	Kai

	
	Start assembling all parts together
	Weihong

	11/18
	Thanksgiving break
	Kai

	
	
	Weihong

	11/25
	Final assembly and testing
	Kai

	
	
	Weihong

	12/2
	Demo
	Kai

	
	
	Weihong

	12/9
	Final paper and presentations. Disassemble project.
	Kai

	
	Final paper and presentations. Check in supplies
	Weihong
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[bookmark: _Toc211046730]5. Ethical Issues
	We do not think that our project has any conflict with the IEEE Code of Ethics. The ninth code of the IEEE Code of Ethics states that “to avoid injuring others, their property, reputation, or employment by false or malicious action.” The device we are designing will be remotely controlled from the listening area of the studio. The experience of visiting Pogo Studio in downtown Champaign make us aware of the fact that it is very hard to see the microphone stand’s movements from the listening area because of the thick sound-proof wall between the listening area and the recording area. So, it is possible that the microphone’s position is over-adjusted and hit other musical instruments causing unexpected losses. To solve this problem, we will simply install a camera pointing towards the microphone monitoring the movements of the stand.

[bookmark: _Toc210651657][bookmark: _Toc210651711][bookmark: _Toc210697336][bookmark: _Toc211046731]6. References
	IEEE Code of Ethics
http://www.ieee.org/about/corporate/governance/p7-8.html
	
	H bridge design
http://www.8051projects.net/dc-motor-interfacing/bjt-based-h-bridge.php
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B: Pittman Gear Head Encoder Motor 65.5:1 Datasheet:
The 65.5:1 gear ratio provides a usable compromise between speed, torque and current draw. Observed performance: 2 fps at 12 volts/ Max continuous tractive force is 8 lbs @ 2.25 amperes per wheel. This motor is particularly well suited to off road use.
· DC Brush Gearmotor with encoder
· 1.37" Diameter
· 65.5:1 ratio
· 480 oz-in Maximum Continuous Torque
· 2585 oz-in Peak Torque (Note: Peak torque is provided for the purpose of performance calculations only. Operation near, or at, a stalled condition will result in motor and/or gearhead damage).
· 71 rpm No load speed
· Torque Constant (Kt) = 3.25 oz-in / amp
· Voltage Constant (Ke) = 2.4 v/krpm
· Resistance (R) = 0.71 ohms
· Inductance = 0.66 mH
· Rated voltage: 12 volts
· Encoder: 500 CPR
· Length: 4.32"
· The gearhead will be damaged when operating at the Peak Torque
Unit supplied with ball bearing output shaft

http://www.gearseds.com/files/GM9236S025.pdf

[bookmark: _GoBack]C: Other related parts’ datasheets
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