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Mission

● Microsoft currently uses 

unique manufacturing carriers 

for each device/model

● Need a common 

manufacturing carrier
○ Reduce manufacturing costs

○ Reduce environmental impact

○ Unify design philosophies

○ Reduce fixture lead time

+ or

=



Deliverables

● Physical Prototype

● Common Carrier Cad File

● Design Analysis 

○ FEA

○ Thermal

○ Fatigue

● Drawings



Requirements

Practical requirements

● Universal Carrier to be used with:

○ 13” and 15” Book Tablet

○ Pro

○ Laptop Display

● Budget: $600

● At least 80% shared parts between 

device carriers

● Less than 10 minute changeover 

time

● Less than 5 weeks fabrication lead 

time.

Technical Requirements

● Max force: 400 kPa

● Bond Force: 60 PSI, Area: 2,000mm2

● Lifecycle:

○ 10 cycles/day

○ Max 150 stations/cycle

○ 600 touches/day

○ 6 to 10 high pressure station/day

● Max temperature: 120°C

● Safety Factor: 1.2



Design Criteria Flexibility - Ability to accomodate all units

Consistent Frame - Using the same frame for all units

Cost - Lowest cost per carrier

Rigidity of device - How rigid is the carrier

Standard datums - Using the same datums across

Ease of change - how easy it is to adapt the carrier to 

another unit

Access to I/O - Access for testing purposes 

Manufacturability - ease of manufacturing

Part Commonality - uses of the same parts

Feature Weight

Flexibility 9

Consistent Frame 9

Cost 9

Rigidity of device 3

Standard datums 3

Ease of Change 3

Access to input/output 3

Manufacturability 1

Part Commonality 1



Design Iteration 1 
(Sketches)

Focus on: 

● Simple

● Rigid 

● Cost efficient

● Single frame



Design Iteration 1 
(Sketches)

Focus on:

● Flexible 

● Universal

● Adjustable 

● Disregarding cost



Range

(1 lowest, 

9 highest) 

Score (-1,0,1) 

Flexibility 9 0 1 0 1 

Rigidity of device 3 0 -1 -1 -1 

Standard datums 3 0 -1 0 0 

Consistent Frame 9 0 0 0 0 

Cost 9 0 -1 -1 -1 

Ease of Change 3 0 1 1 1 

Access to input/output 3 0 1 -1 1 

Manufacturability  1 0 -1 -1 -1 

Part Commonality 1 0 1 1 0 

Total 42 0 0 -12 2 



Design Iteration 2
Model 1

Strengths:

● Flexibility

● Commonality

● Single piece plate

Weakness: 

● Vacuum holes incorrect 

position

● Spring bias are large

● Datums too small



Design Iteration 2
Model 2

Strengths:

● Universitility

● Common datum

● Custom plate design per unit

Weaknesses:

● Tolerances between 

plate/frame/datums  

● Higher cost due to custom plate



Consolidated Design



Consolidation of 
Designs

Moving Forward

● Use custom plates

● Use flexible parts that can be 

used across all platforms

● Translational datums (same 

part for x and y axis)

● Less moving parts

Trade off

● Cost

● Rigidity

● Ease of change



Design Concept

● Common Frame
○ Open frame with no support from crossbeams

● Threaded holes on frame, nut required for insert 

holes

● Four variations of insert plate 
○ SB 15”, SB 13”, Pro, Laptop

● Translational datums

● Emphasis was placed on flexibility

● Limitations
○ More expensive

○ Less rigid



Design Concept - Combinations



Exploded View of Both Design Options

● Carrier frame
● Plate insert
● Datum (x2) 
● Screen Holder (x2)
● Spring Bias (x4)



Universal Compatibility

● Insert Plates have rotational symmetry and can rotate 180 degrees about the x-y axis if 

needed



Components



Common Frame Options

Prototype 1
● Less machine time → Cheaper
● Larger Plate Deformation

Prototype 2
● Larger Pocket for Insert → Cost More
● Less insert deformation



Surface Book 13” and 15” Plate Inserts



Surface Pro and Laptop Plate Insert

Surface Pro Laptop



Screen Holder Assemblies

● M5 Screw
● 6.25 mm Diameter on plate
● 5.75 mm Diameter on datum bar
● 5.50 mm Diameter on screen holder



Spring Bias and Screen Holder Design

● Had to fulfill the requirements of 
the custom plate insert design for 
the carrier

● Initial model roughly reproduced 
one of the Microsoft Spring 
Biases
○ Separate screen holder
○ Too many rods and springs



Spring Bias and Screen Holder Design

● 2nd model combined 1st and 
screen holder to the side
○ Not space efficient
○ Non-symmetrical



Spring Bias

Pros:
● Interfaces with Insert Plate bolt pattern.
● Modular 
● 100% commonality between product 

lines
● Combined bias and screen holder

Cons:
● Screen holder does not fully recede
● Requires custom plate to be slightly 

oversized



Datum Screen 
Holder

Assembly
Components:
● Core
● Screen holder mounts (x2)
● Screen holder 
● Datum



Datum Bar

Part
Function: 

● To hold the datum screen 

holder

● Design and use identical in 

x and y directions

● Placeable anywhere along 

these axis



Materials and Machining Process

Part Material Process

Frame (# 1) Aluminium CNC Mill

Frame (# 2) Aluminum CNC Mill

13” Plate (# 1) Delrin CNC Mill

13” Plate (# 2) Aluminum CNC Mill

15” Plate (# 1) Delrin CNC Mill

15” Plate (# 2) Aluminum CNC Mill

Part Material Process

Pro Plate (# 1) Delrin CNC Mill

Pro Plate (# 2) Aluminum CNC Mill

Laptop Plate (# 1) Delrin CNC Mill

Laptop Plate (# 2) Aluminum CNC Mill

Screen Bias PLA 3D 

printed

Datum screen 

holder

PLA 3D 

printed



Materials and Machining Process

Part Material Process

Screen holder PLA 3D printed

Datum 6061 T6 Aluminum CNC Mill

Core (Bias/Datum) 6061 T6 Aluminum CNC Mill

Mount PLA 3D printed

Pad PLA Machiined 

Bias Lever Corner PLA 3D printed

Rod 12L14 Carbon Steel Machined



Design Analysis



FEA of Plate Insert
● Material: Delrin 500 

● 60 PSI along top face to rep. bonding 

area

● Weight of Bucket uniformly distributed 

(~0.75 kg)

● Supported only by frame inner lip and 

crossbeam

● Max displacement of 1.25 mm



FEA - Displacement vs Insert Thickness 



FEA - Insert for 15” SB 

Proto. 1

(Delrin)

10 mm Flange

(Delrin)

Vert. CB 8mm 

(Delrin)

V. CB + 10mm 

(Delrin) 

Proto. 2

(Aluminum)

Plate 1.93 kg 2.23 kg 1.93 kg 2.23 kg 1.35 kg

Frame 3.62 kg 3.50 kg 3.69 kg 3.56 kg 3.56 kg

Tot. Weight 5.55 kg 5.73 kg 5.62 kg 5.79 kg 4.91 kg

Displacement 0.144 mm Max 0.0983mm Max 0.188 mm Max
0.093 mm Avg

0.165 mm Max

0.05 mm Avg

0.0927mm Max
0.05mm Avg



FEA - Insert 15’’

Prototype 1:

● 8 mm Flange with Frame 

Horizontal Crossbeam

Prototype 2 options:

● Flange increase to 10 mm.

● Added vertical crossbeam to 

frame.

FEA for Proto. 2 w/ both crossbeams & 10mm flange



Thermal Analysis

Delrin Aluminum

Displacement 1.169 mm 0.007 mm

Thermal 

Expansion (100 

C)

0.298 mm .069mm

Cost $39.37 $58.05

Stress

Displacement



Fatigue Analysis

Delrin:

● Infinite fatigue life at 150 °C under given 

conditions

Aluminum:

● Max life of 100,000 cycles

● Minimum of 1,000 due to singularities and 

corners

Delrin

Aluminum



Validation Testing



Compression Test



Resultant 
Displacement

Frame w/ Horizontal CB
Frame w/ Horizontal and 

Vertical CB

Surface Book 13” 0.219 mm 0.220 mm

Surface Pro 0.278 mm 0.269 mm



Project Review



Comparisons 

Client Proposed Carrier Design Prototype Carrier Designs

Budget: $600/carrier $2,445

Weight: 5 kg 6.5-7 kg depending on frame/insert combination

10 minute changeover time 6-7 minutes

5 week fabrication lead time Prototyped within 3 weeks



Possible Consideration

● Weight < 5 kg 

● Honeycomb design?

● Material change (for tolerancing and weight difference)

● Threading the plate for all but 15 inch SB

● Injection molding of biases

● Less holes



Personal 
Experience

What we got out of this

● Tolerancing and GD&T experience

● Analysis of design experience

● Manufacturing experience

● Project scheduling experience

● Engineering teamwork and work distribution

● Learned the importance of prototyping



Appendix
Additional materials for references and precision



Spring Bias and Screen Holder Design

● Had to fulfil the requirements of the custom 

plate insert design for the carrier

● Initial model roughly reproduced one of the 

Microsoft Spring Biases
○ Separate screen holder

○ Too many rods and springs

● 2nd model combined 1st and screen holder 

to the side
○ Not space efficient

○ Non-symmetrical

● 3rd model placed screen holder in the 

center.
○ Final design was based on it

○ Symmetrical

○ Smaller footprint



Spring Bias

Components
● Bias pad (x2)
● Bias lever (x2)
● Core
● Steel Push-rod (x2)
● Screen holder 
● Screen holder mount (x2)
● 8mm x 1mm pin (x2)
● 6mm x 2mm pin (x4)
● 14mm x 2mm pin (x1)



Core (Datum)

● Aluminum core for the 

Datum screen-holder



Core (Bias)

● Aluminum core for the spring bias



Screen holder 
(Datum)

Part

● Used for the on datum 

screen holder assemblies

● Similar to bias version but 

shorter



Screen holder 
(Bias)

● Screen holder for the bias. 

Slightly taller than the datum 

version



Additional Parts ● Mounts
○ To hold screen holder

● Pad
○ Soft surface to avoid friction 

between screen holder and tablette  

● Bias Lever
○ Used to compress the bias 

spring when device is 

unmounted

● Rod
○ Attaches between bias pad and 

lever. Surrounded by spring.

● Common bias and datum 

screen holder parts



Frame Drawings



Frame Drawings (Iteration 2)



Plate Insert 13”



Plate Insert 15”



Plate Insert Surface Pro



Plate Insert Laptop



Machining Process of Assemblies (Details)

Part Material Process Time (hour)

Screen holder PLA 3D Print

Datum 6061 T6 Aluminum CNC Mill

Core (Datum) 6061 T6 Aluminum CNC Mill

Core (Bias) 6061 T6 Aluminum CNC Mill

Mount PLA 3D Print

Pad PLA 3D Print

Bias Lever Corner PLA 3D Print

Rod 12L14 Carbon Steel Mill and Lathe



Cost Analysis

Part Handling Machining

Time 

(hr)

Price 

($)

Time 

(hr)

Price 

($)

Frame (option 1)

Frame (option 2)

13” Plate (option 1)

13” Plate (option 2)

15” Plate (option 1)

15” Plate (option 2)

Part Process Machining

Time 

(hr)

Price 

($)

Time 

(hr)

Price 

($)

Pro Plate (option 1)

Pro Plate (option 2)

Laptop Plate (option 1)

Laptop Plate (option 2)

Spring Bias Assembly 20.55

Datum Screen Holder 

Assembly

5.09



Cost analysis 
per carrier per 
option 

Frame 1 Frame 2

Plate Insert 13’’ Price ($) Time (hr) Price ($) Time (hr)

Plastic

Aluminum

Plate Insert 15’’ Price ($) Time (hr) Price ($) Time (hr)

Plastic

Aluminum


