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Introduction: 
	The objective of the Power Grip Glove project is to design a glove that can communicate with its user and provide the user with the capability of gripping objects. The glove should allow the user to hold an object of at least 5 lbs as well as release the object. In our design, we want to minimize the risk of harm to the user and stabilize hand movement. 
Currently, our glove design consists of two 150mm L16-R linear actuators powered by a 6V battery that is controlled with a potentiometer and Arduino Uno. The linear actuators will be connected to fishing line wires that attach from the tip of the fingers to the wrist. The wires are accompanied by leather rings along the joint of the fingers to keep the wires aligned and to prevent wire slippage when the fingers bend. 
Purpose: 
We will test the durability of the glove’s wiring scheme, how each component interact when combined, how long the glove can operate, user safety, and if the glove will fit comfortably on the user to check performance, safety, human acceptance, and environmental aspect of the glove. 
	To check if the design can meet the user’s needs, we will perform tests that will answer the following questions:
· Will the wires will slip off the fingers when bent at an angle?
· Will the wires snap from gripping too fast or applying too much force? 
· How long will battery last when it supplies power to the glove?
· Will the glove rip when there is tension on the wire?
· Is the design to bulky and uncomfortable for the user. 
Overall, we want to perform tests to detect and prevent any failures from occuring when it is in the hands of the user. 
Tests: 
	Test #1

	Requirement: Wire durability, wire will not snap when user grips a 5 lb object.

	Tester: Danny Nguyen

	Test Date: 03/26/19

	Pertinent standards: ISO-13482, OSHA (Medical Safety equipment) and IGFA(Breaking strength of fishing line)

	Test Conditions: Fishing line won’t snap when ~22N or more force is applied.

	Methodology: Check load limit of fishing line

	Test Equipment: Weights, Fishing line

	Procedure: 
Step 1: Attach weights to fishing line
Step 2: Observe fishing line with weight added
Step 3: Observe fishing line with weight added, while tester pulls down on line
Step 4: Observe fishing line with weight added and line is pulled abruptly
Step 5: Increase weight and repeat steps(1-4)

	Expected Result: 
The fishing line should be able to withstand a push-pull tension force.

	Actual Result: 
	Test Trial
	Result

	1. 5 lbs 
	No  breakage

	2. 5 lbs + pulling down
	No breakage

	3. 5 lbs + abrupt pull
	No breakage

	4. 6 lbs
	No breakage

	5. 6 lbs + pulling down
	No breakage

	6. 6 lbs + abrupt pull
	No breakage

	Average
	No breakage in all tests





	Pass/Fail: Pass

	Comments:
The test is a success because the objective of the fishing line is to attach to the tip of the power grip glove and the push/pull force applied from gripping a 5 lb object (~22N) will not snap the line even when it is abrupt.



	Test #2

	Requirement: Test wiring of glove by simple pull test

	Tester: Mohammed Alafaisan 

	Test Date: 3/28/2019

	Pertinent standards:

	Test Conditions: Check if wire will slip off, or break. Also check for any loose wires hanging off glove when pulled or retracted

	Methodology: 

	Test Equipment: Glove, Fishing line

	Procedure: 
Step 1: attach the wire to the glove  
Step 2: pulling the wire down 

	Expected Result: the wire will not slip or break 

	Actual Result: 
	Test Trial
	Result

	1
	No Slippage

	2
	No Breakage

	3
	No Slippage

	4
	No Breakage

	5
	No Breakage

	Average
	





	Pass/Fail: Pass

	Comments:















	Test #3

	Requirement: Insulation to prevent any possible electric shocks

	Tester: Ahmed Aljishi

	Test Date: Mar 28

	Pertinent standards:

	Test Conditions: 

	Methodology: Making sure every electrical element is insulated

	Test Equipment: Wires, batteries and everything that has the possibility of causing an electrical shock.

	Procedure: 
Step 1: Gather all electrical elements
Step 2: Put them in a safe insulated (bag)

	Expected Result: Safe from any possible electrical shocks

	Actual Result: 
	Test Trial
	Result

	1 Insulated batteries
	Safe

	2 Wires not exposed 
	Safe

	3 
	Safe

	4
	Safe

	5
	Safe

	Average
	





	Pass/Fail: Pass

	Comments: 
The tests were successful because our goal was to insulate all the electrical components in a safe place, where the patient is not in danger of an electric shock. With our model, all the electrical components are safely insulated.














	Test #4

	Requirement: Will the battery life last an acceptable amount of time?

	Tester: Kishan Soni

	Test Date: 3/29

	Pertinent standards: ---

	Test Conditions: Theoretical test

	Methodology: Calculating power consumption and battery life

	Test Equipment: Linear actuators, battery pack

	Procedure: 
Step 1: Estimate power usage based on provided servo motor specification sheet and planned most likely usage frequency of glove
Step 2: Check capacity of current battery
Step 3: Check capacity of other acceptable types of batteries

	Expected Result: The batteries in the glove should last at least a week with non-intensive usage of the glove

	Actual Result: (Battery capacities) 
Estimated Power Usage: 300mA (from data sheet) * 20 seconds per use * 5 uses per hour * 24 h = 200 mAh/day
1.5 safety factor: -> 300 mAh/day
	Test Trial
	Result

	1 Current battery (rechargeable)
	2100 mAh/300 = 7 days

	2 4x Duracell Standard AA batteries (disposable)
	2850 mAh/300 = 9.5 days

	3 Rayovac 6V lantern battery (rechargeable)
	10500 mAh/300 = 35 days

	4 Powerex AA batteries (rechargeable)
	2700 mAh/300= 9 days

	5 6V Outdoor product battery (rechargeable)
	4500 mAh/300 = 15 days

	Average
	15.1 days





	Pass/Fail: Pass; The goal was to have the glove last a day without recharging, and with mild usage it can last a week with the current battery.

	Comments: 
The usage of 5 per hour may vary greatly depending on the user. During testing and demonstration, battery use could be much more intensive. It is recommended to switch to an AA battery pack for quick individual battery replacement if needed, with rechargeable AA batteries still being an option.

Note: 1 “use” is defined as a single closing and opening cycle of the glove





	Test #5

	Requirement: L16-R Linear Servos extension/retraction length

	Tester: Danny Nguyen

	Test Date: Not yet tested as design isn’t completed

	Pertinent standards: ISO-13482, OSHA 

	Test Conditions: How much displacement does the L16-R use to open and close the glove. 

	Methodology: Find the maximum displacement of extension/retraction of the L16-R.

	Test Equipment: Already wired glove, Ruler, L16-R Linear Servo, Arduino 

	Procedure: 
Step 1: With a glove that already has the fishing line attached, do a simple pull test to see how far the line needs to go to be fully closed. Measure the result.
Step 2: Set up the L16-R servo with Arduino and use a potentiometer as the analog control signal. 
Step 3: Adjust potentiometer to extend the L16-R until the it has the same displacement found from step 1. 
Step 4: Use Arduino to adjust maximum displacement on L16-R to prevent over-extending or over-retracting linear servo. 
Step 5: Repeat steps 1-4.

	Expected Result: 
The L16-R Servos will extend/retract to the maximum displacement that is programmed in the Arduino

	Actual Result: 
	Test Trial
	Result

	1. Displacement - 
Goal(From step 1): 
	Potentiometer set at ___

	2. Displacement-
Goal:
	Potentiometer set at  ___

	3. Displacement-
Goal: 
	Potentiometer set at  ___

	4. Displacement-
Goal: 
	Potentiometer set at ___

	5. Displacement-
Goal: 
	Potentiometer set at___

	6. Displacement-
Goal: 
	Potentiometer set at___

	Average
	





	Pass/Fail: 

	Comments:
It will be hard to pinpoint a maximum displacement of the linear servo because hand size or finger lengths vary from person to person. 



	Test #6

	Requirement: User comfort

	Tester: Kishan Soni

	Test Date: Mar 29

	Pertinent standards:

	Test Conditions: ---

	Methodology: Empirical testing of glove

	Test Equipment: Leather glove, thumb brace

	Procedure: 
Try on glove and view from the wearer’s perspective

	Expected Result: Glove is a little bulky but is generally not uncomfortable

	Actual Result: 
	Test Trial
	Result

	1 Waterproof
	Glove is currently not waterproof, the linear actuators are to be placed directly onto the arm and will be susceptible to water damage

	2 Breathable
	Glove has holes in it to circulate air but still retains moisture after long periods of wear

	3 Not too tight
	Glove is not too tight but thumb brace is bulky and has many straps

	4 Lightweight
	Glove weight is negligible and servos are also lightweight

	5 Well-fitting and easy to take off
	Glove is loose, especially for small hands

	Average
	Glove prototype is not very comfortable





	Pass/Fail: Fail, but glove is still a prototype and not fully done

	Comments: It is hard to get a good estimate on user comfort at this point in the project since we have only just assembled the parts and are mainly focused on functionality first. However, some of these issued will need to be addressed when we get to that point of the design.






