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1. [bookmark: _47na1jxr00o]Introduction

The accumulator container contains the high voltage battery and ensures the protection of the driver in the event of a battery failure. It provides a safe environment for the high voltage and is electrically isolated from the rest of the car. It incorporates our air cooling system without allowing water from the water test into the container. 
The design of the container is split into 10 sections. Six sections hold 8x10 segments of the battery, one holds the 4x20 segment, 2 hold the air cooling fans, and the last holds the high-voltage contactors and BMS control boards. The box is constructed out of 0.05” sheet steel that was cut on the waterjet and welded together. Slots and bending were used when possible to limit the number of welds required for the project. The outside of the box has two walls with offset hole patterns to deter water from entering the container and a layer of hydrophobic mesh to stop any water that got through both outer walls. 
The container is mounted to the frame in 10 locations, 8 of which being L brackets welded to the frame that bolt into another L bracket attached to a frame tube. The last mount is welded to the bottom of the container and bolts through the other side of the mount welded to the frame. Each mount is built to withstand ¼ of the mass of the accumulator with 40G of acceleration in the horizontal directions and 20G in the vertical. 
The lid of the container is sealed with a rubber gasket to prevent water from getting in. Bolts run around the outside of the lid to secure it to the container, and it has constraining bars attached to the bottom of the lid to ensure the segments cannot move vertically while the accumulator is assembled. The lid is split into two parts in order to be able to access the segments without removing the HV connector. The back of the lid contains an opening for the high voltage connector, which is also sealed with a gasket. 


2. [bookmark: _dx9rnkn6oz]Project Scope

[bookmark: _4mfh9c447vme]2.1 Design Requirements
· Able to withstand 40G in the horizontal directions and 20G in the vertical direction
· Be effectively mounted in the frame with 10 mounting points
· Pass SES
· Divided into sections of 12 kg max by internal walls at least the height of the accumulator segments
· Can contain circular airflow holes of diameter 10mm or less
· Must have a 1 in air gap to any non-crushable structure in the frame
2.2 FSAE Rules
· F.10 ACCUMULATOR CONTAINER (EV ONLY) 
· F.10.1 General Requirements 
· F.10.1.1 All Accumulator Containers must be:
·  a. Designed to withstand forces from deceleration in all directions 
· b. Made from a Nonflammable Material ( F.1.18 ) 
· F.10.1.2 Design of the Accumulator Container must be documented in the SES. Documentation includes materials used, drawings/images, fastener locations, cell/segment weight and cell/segment position. 
· F.10.1.3 The Accumulator Containers and mounting systems are subject to approval during SES review and Technical Inspection. 
· F.10.2 External Structure
·  F.10.2.1 The Floor or Bottom must be made from one of the three: 
· a. Steel 1.25 mm minimum thickness 
· b. Aluminum 3.2 mm minimum thickness 
· c. Equivalent Alternate / Composite materials ( F.4.1, F.4.3 ) 
· F.10.2.2 Vertical Walls, Covers and Lids must be made from one of the three: 
· a. Steel 0.9 mm minimum thickness 
· b. Aluminum 2.3 mm minimum thickness 
· c. Equivalent Alternate / Composite materials ( F.4.1, F.4.3 ) 
· F.10.2.3 The accepted methods of joining walls to walls and walls to floor are:
·  a. Welding 
· Welds may be continuous or interrupted. 
· If interrupted, the weld/space ratio must be 1:1 or greater 
· All weld lengths must be greater than 25 mm 
· b. Fasteners 
· Combined strength of the fasteners must be Equivalent to the strength of the welded joint ( F.10.2.3.a above ) 
· c. Bonding 
· Bonding must meet F.5.5
· Strength of the bonded joint must be Equivalent to the strength of the welded joint ( F.10.2.3.a above )
· Bonds must run the entire length of the joint 
· F.10.2.4 
· Covers and Lids must be attached with a minimum of one fastener for each external vertical wall per section. 
· F.10.3 Internal Structure 
· F.10.3.1 Walls 
· a. Construction of Internal walls (vertical or horizontal) separating cells and/or segments must meet F.10.2.2 
· b. Internal vertical walls separating cells and/or segments must have minimum height of the full height of the Accumulator Segments 
· c. Fastened connections between the floor and any vertical wall of each Section must have minimum of two fasteners. 
· d. Removable horizontal interior walls must be fastened with a minimum of one fastener for each external vertical wall per section. Folding or bending plate material to create flanges or to eliminate joints between walls is recommended. 
· F.10.3.2 Sections 
· a. Internal vertical walls divide the Accumulator Container into “Sections” 
· b. A maximum of 12 kg is allowed in any Section 
· c. Fastened connections between vertical walls around Sections containing 8kg or less must have a minimum of two fasteners 
· d. Fastened connections between vertical walls around sections containing between 8 kg and 12 kg must have a minimum of three fasteners 
· Example: An Accumulator Container with 2 internal walls has 3 Sections. Each Section contains less than 8 kg. Therefore 18 floor to wall joints are required in total with minimum two fasteners per joint. 
· F.10.3.3 If segments are arranged vertically above other segments, each layer of segments must have a load path to the Chassis attachments that does not pass through another layer of segments 
· F.10.3.4 Cells and Segments 
· a. The cells and/or segments must be appropriately secured against moving inside the Container. 
· b. This mounting system design must withstand the following accelerations: 40 g in the longitudinal direction (forward/aft) 40 g in the lateral direction (left/right) 20 g in the vertical direction (up/down) 
· c. Calculations and/or tests proving these requirements are met must be included in the SES. 
· d. Any fasteners must be 6 mm or 1/4” minimum diameter 
· F.10.4 Holes and Openings 
· F.10.4.1 The Accumulator Container(s) exterior or interior walls may contain holes or openings, see EV.5.3.4 
· F.10.4.2 Any Holes and Openings must be the minimum area necessary 
· F.10.4.3 Exterior and interior walls must cover a minimum of 75% of each face of the battery segments 
· F.10.4.4 Holes and Openings for airflow: 
· a. Must be round. Slots are prohibited 
· b. Should be maximum 10 mm diameter 
· c. Must not have line of sight to the driver, with the Firewall installed or removed 
· F.10.5 Attachment 
· F.10.5.1 Attachment of the Accumulator Container must be documented in the SES 
· F.10.5.2 Accumulator Containers must: 
· a. Attach to the Major Structure of the chassis A maximum of two attachment points may be on a chassis tube between two triangulated nodes. 
· b. Not attach to the Shoulder Harness Mounting 
· F.10.5.3 Any fasteners used to attach Accumulator Container(s) are Critical Fasteners, see T.8.2 
· F.10.5.4 Each attachment point to a composite Accumulator Container requires backing plates that are one of the two:
·  a. Steel with a thickness of 2 mm minimum 
· b. Alternate materials Equivalent to 2 mm thickness steel 
· F.10.5.5 Teams may justify the Accumulator Container attachment using one of: 
· Corner Attachments and Analysis per F.10.5.6
· Load Based Analysis per F.10.5.7 
· F.10.5.6 Accumulator Attachment – Corner Attachments 
· a. Eight or more attachments are required for any configuration. 
· One attachment for each corner of a rectangular structure of multiple Accumulator Segments
· More than the minimum number of fasteners may be required for non rectangular arrangements 
· Examples: If not filled in with additional structure, an extruded L shape would require attachments at 10 convex corners (the corners at the inside of the L are not convex); an extruded hexagon would require 12 attachments 
· b. The mechanical connections at each corner must be:
· 50 mm or less from the corner of the Segment 
· Spaced minimum 50 mm from the mechanical connection of any other corner 
· The same fastener diameter and grade 
· c. Each attachment point must be able to withstand a Test Load. 
· The Test Load is equal to 1/4 of total mass of the container accelerating at 40 g 
· Every fastener must withstand the Test Load in pure shear, using the minor diameter if any threads are in shear. 
· Every Accumulator bracket, chassis bracket, or monocoque attachment point must withstand the Test Load in bending, in pure tearout, pure pullout, pure weld shear if welded, and pure bond shear and pure bond tensile if bonded. 
· F.10.5.7 Accumulator Attachment – Load Based 
· a. The minimum number of attachment points depends on the total mass of the container: 
	Accumulator Weight
	Minimum Attachment Points

	<20 kg
	4

	20 - 30 kg
	6

	30 - 40 kg
	8

	>40 kg
	10


· b. Any brackets which attach the Accumulator Container to the chassis must: 
· Be made of steel 1.6 mm minimum thickness or aluminum 4 mm minimum thickness 
· Have gussets to carry bending loads. 
· c. Each attachment point, including any brackets, backing plates and inserts, must be able to withstand 15 kN in any direction 
· d. Fasteners must spaced minimum 50 mm apart to be counted as separate attachment points.
· F.11.2.3 All Non Crushable Items should have a minimum 25 mm clearance to the surface of the Accumulator Container.

3. [bookmark: _ozjwfooupbf7]Goals
· The accumulator container should meet all design requirements
· 
· The accumulator container should safely contain the battery
· The accumulator container should be able to be manufactured using our machine shop
· The accumulator container should serve as a good example of design for future iterations of the battery to draw off of. 
· The accumulator should be as compact as possible

4. [bookmark: _8rlvzu31ik6l]Abstract

5. [bookmark: _9x9qelt0h8v4]Design Overview
[bookmark: _ccbgujtxla0e]

6. [bookmark: _d16p7xbiphsj]Design Process
The accumulator container design followed the design of the segment layout. The cells were designed to sit in the car behind the firewall, as the IC components there would not be present for an EV car. The container was designed around these segments. I chose sheet metal for the design because it would allow the container to be as compact as possible. I started the design using 0.05”  (1.27mm) sheet metal for the entire container because according to F.10.2.1 this was an acceptable material. The box originally had only 7 compartments, one for each segment. 

When the battery designers determined that the battery would need an active cooling solution, I added additional space on either side of the container for fans to fit into place. The container could not have airflow holes with line of sight to the driver so I decided to put them on either side of the car. The contactors that we needed to include also would not fit into the design so I added a compartment behind the segments to store the contactors and also provide additional room to mount the BMS parent board. 

The water keepout design was mirrored from the design of my previous project, the inverter container. We needed an air cooling solution that did not allow water to enter the container. The solution we found after empirical testing was to have multiple layers of offset hole pattern to block high pressure water followed by a hydrophobic mesh to prevent the remaining water from coming in.

The next major iteration of the container occurred at the beginning of our transition to EV. Everything prior to this point occurred on the EV transition subteam with minimal communication between members working on NFR22. We created a general assembly for the drivetrain and determined that the container would not fit with a 1 in air gap to the frame tubes in the rear of the car. I started over with the CAD and designed a new box with a tapered rear, keeping each piece that would be a separate sheet as a new body. I used the sheet metal tools within solidworks to create flanges and created a new iteration. It took a number of iterations to make sure the container had clearance to the non-crushable structures in the frame. 

When the motor was placed into the drivetrain assembly, it was clear that it did not have the 1 in air gap to the accumulator container so the design was iterated until the motor was 1in away from the motor. The motor was moved backwards in the car and the accumulator was moved forward in order 

7. [bookmark: _4h9m78mjuwvc]Validation Process
[bookmark: _byvzqnnvlj5q]

8. [bookmark: _sltwe254ayxm]Manufacturing Process
The sheet metal was cut out on the waterjet once the design had been completed. Using the cad as a reference, the metal was bent to the proper shape. The base of the accumulator and the front and back walls are one piece, and the left and right wall created the exterior of the box. 

9. [bookmark: _ryqysvya1ie4]Interactions
[bookmark: _e3jmw3y7rrab]

10. [bookmark: _202uyy8c80al]Addendum and Future Work
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