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Executive Summary: 

 

The Technical Data Package contained herein has all the necessary information to implement an 

automated production line in Rensselaer Polytechnic Institute’s Advanced Manufacturing Laboratory for 

the production of a spatula. This product will be engineered by a fourteen-member team, identified as 

Team D, during the Fall 2009 semester. 

 

Team D has reviewed spatula designs from past semesters and has redesigned a spatula to 

incorporate features not previously implemented. The spatula will be created of three separate 

components of varying materials. A metal neck will exist between a clear, thermoset head and rubber grip 

formed around a thermoplastic handle. The spatula head will consist of two different cutting edges to 

allow for food preparation prior to adding the food as well as during cooking. The metal neck will extend 

into the head and allow greater stability.  

 

Functionally, the newly designed spatula will be able to transcend its original tasks of turning and 

flipping and have the ability to cut.  With the addition of the grip-form handle, the spatula will be user 

friendly for both right and left handed users.  Also, to allow for easier storage, a hole will be built into the 

handle of the spatula to allow for hanging. 

 

This Technical Data Package is divided into several sections. These sections will consist of the 

following: a product description for each component, detailed CAD drawings and specifications for each 

component, and a bill of materials needed to produce the final product.  

 

There is a maximum budget for rapid prototyping of $250 for this project.  The current estimated cost so 

far is $______.  Once implemented, the production line will be used to manufacture 600 of the spatulas in 

a $3000 budget detailed in this document. 
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Section 2 - Product Description 
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Product Description 

 

The product being designed for this project is a spatula.  In addition to standard turning and flipping 

capabilities, the product will also include the special features of two built in cutting edges, one straight 

edge and one serrated blade, as well as a rubber, comfort grip. 

 

The overall spatula will consist of a one piece, stainless steel frame that will provide stability and 

structure, while resisting corrosion.  This will be overlaid with a thermoset spatula head and a rubber 

coated, thermoplastic handle.  The neck of the handle will be comprised of the exposed stainless steel 

frame, which will polished for a finished appearance.  

 

The head of the spatula will be transfer molded over the steel frame using a food-safe, thermoset plastic.  

The frame will extend two-thirds of the length of the full plastic spatula head in order to provide needed 

stability while retaining flexibility.  The left and right edges of the spatula head are designed to be cutting 

edges.  On the left is a serrated blade, while the right will be a straight blade.  Both blades will be rounded 

lengthwise to prevent the blade from dragging or catching on the cooking surface.  The cutting edges are 

intended to be used for food preparation and to cut down oversized portions directly in the pan or on the 

cooking surface.  All edges of the head, including the cutting edges, will be tapered to facilitate the 

spatula sliding under the food.  

 

The handle of the spatula will be formed by injection molding ABS plastic over the end of the neck, and 

then coating the plastic shell with PlastiDip rubber for superior grip and comfort.  The shape of the handle 

will be similar to that of a pistol grip, with ridges along the underside for finger alignment and an 

indented area on the top for the thumb to rest.  The handle gripping will be symmetric to cater to both left- 

and right-handed users.  A hole in the end of the handle will allow the spatula to be hung for easy storage. 
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Manufacturing Methods 

 

Metal Frame: 

Abrasive Water Jet Cutting 

Bending Operations 

 We are investigating the pros and cons of a die bending operation versus the use of bending jigs 

Material: 1/16” 304 Stainless Steel (corrosion resistant) 

 

Spatula Head: 

Transfer Molding 

 We will need to produce the mold tools 

Material: BMC 1100 CoreLyn (food safe thermoset plastic) 

 

Handle: 

Plastic Injection Molding (PIM) 

 We will need to produce the PIM mold tools 

Material: ABS plastic 

 

Grip: 

Rubber Dipping 

Material: PlastiDip rubber 
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Section 3 - Assembly Drawings and Bill of Materials 
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Assembly Drawings 

Figure 1.1- Spatula Handle 
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Figure 1.2 – Spatula Frame 
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Figure 1.3 – Spatula Head 
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Figure 1.4 – Full Spatula 
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Bill of Materials 

Item # Description Drawing # Quantity Material Actual Cost
Real World 

Cost 600
RWC 6000 RWC 60000

1 Blade/Head
09SpatulaD_Spatulahe

ad1_C_021019
1

BMC 1100 

CoreLyn 
Free

blade top 

mold

09SpatulaD_headtopm

old101_T_01
1 mold Free

blade bottom 

mold

09SpatulaD_headbotto

mmold102_T_01
1 mold Free

2 Metal Neck
09SpatulaD_Frame2_C

_021019
1

304 Stainless 

Steel
Free

water jet 

cutting
09SpatulaD 2.06 1312.5 13125 131250

bending form 

top

09SpatulaD_bendformt

op103_T_01
1 die Free

bending form 

bottom

09SpatulaD_bendform

bottom104_T_01
1 die Free

Locating 

Fixture

09SpatulaD_locatingfix

ture1001_PF_01
1 fixture

3 Handle
09SpatulaD_Handle3_C

_021019
1

ABS 

thermoplastic
Free TBD TBD TBD

handle top 

mold

09SpatulaD_handletop

mold105_T_01
1 mold Free

handle 

bottom mold

09SpatulaD_handlebot

tommold106_T_01
1 mold Free

4 Grip 09SpatulaD 1 Rubber 7.99 162.99 1629.9 16299
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Section 4 - Manufacturing 
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Section 4.1 – Neck 
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AML TECHNICAL DATA PACKAGE 

MANUFACTURING 

Drawing Number     Assembly Drawing Reference Number 
09SpatulaD_Neck2_C_021019 2 

 

Part Description 

 Function: The neck functions as the central assembly component of the spatula.  This part will 
 interface directly with the head (09SpatulaD_SpatulaHead1_C_021019) and handle 
 (09SpatulaD_Handle3_C_021019) parts which will be molded directly onto the neck 
 Material:  1/16” 304 Stainless Steel 
 Number Required:  600 (plus prototypes) 
 Associated Calculation:  Calculations for bending force and springback are included in the 
 References Section following the Manufacturing Sheet.   
 Make or Buy Component:  Make 

 

Proposed Manufacturing Process Plan 

 Description:  This part will be manufactured using the abrasive water jet machine.  The part 
 also requires a secondary pressing operation to reach final shape. 
 Primary Process:  Abrasive Water Jet Cutting 
  Justification:  Material, cost effectiveness, and the ability to cut multiple pieces in one  
  operation 
  Machine Tool:  Bengal Abrasive Water Jet 
  Type of Tooling:  Fixture tooling is included in the Bengal Water Jet 
  Associated Calculations:  based on computer calculations from program for water jet 
 Secondary Process:  Bend to form the final shape of the neck 
   Justification:  Bending is necessary to form the desired angles from flat stock; much  
  cheaper and more efficient than machining out of solid stainless steel. 
  Machine Tool:  TBD – either Hydraulic Press or Bending Jigs 
  Type of Tooling:  Fixture tooling for alignment, and TBD – either die set for press or jig  
  setup and slides 
   Manufacturing Method: CNC machine on vertical mill (from carbon steel or  
   material TBD) 
  Associated Calculations: please refer to following sheets for springback and   
  pressure calculations 
   Springback: TBD 
   Tonnage: TBD 
 Notes:  The bending operations will have to occur after the head and handle have been molded 
 onto the neck due to the necessary alignment configurations in the molding machines. 

 

Critical Tolerance Issues and Drawing Reference Number(s) with Noted Tolerances 

2.64” length of head portion to fit in mold for transfer molding process +0.005/-0.005” 
2.00” width of head portion to fit in mold for transfer molding process +0.000/-0.005” 
2.12” length of handle portion to fit in mold for injection molding process +0.005/-0.005” 
0.50” width of handle portion to fit in mold for injection molding process +0.000/-0.005” 

 

Surface Finishing Requirements 

The part edges will have to be smoothed in a sanding operation.  For the project quantities, this will be 
done manually with a belt sander. 
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Tools, Tooling and Fixture Drawing Number(s) 

Bending Form Top: (TBD) 09SpatulaD_bendformtop103_T_01#### 
Bending Form Bottom:  (TBD) 09SpatulaD_bendformbottom104_T_01#### 
Locating Fixture:  (TBD)  09SpatulaD_locatingfixture107_PF_01#### 

 

Quality Control Process 

100% visual inspection due to production quantity 

 

CAD File Names 

09SpatulaD_Neck2_C_021019 
CAM File Names 

TBD 

 

Material Resource Planning 

Production material = 1/16” 304 stainless steel sheet 
Part geometry allows for approximately 24 parts per 19”x39” sheet 
For 600 parts, approximately 25 sheets of 304 stainless steel, stacked 4 at a time, would allow process 
completion in 7 iterations on the abrasive water jet 
Due to availability of material in the AML, we may opt to use smaller sheets which are available here and 
do more iterations on the water jet.  This option may be more cost effective than ordering 25 sheets of 
19”x39” stainless steel  

 

Budget Allocation 

Material costs:  AML costs = $0, if obtaining steel from AML 
 To purchase externally: 25 sheets * $60 + shipping = $1500.00 + shipping 
Water jet will be operated by team member in the AML, cost for operation is $25.00/hr 
 We are approximating 4 hours for 7 iterations to make the 600 parts for a total of $100.00 
 With more iterations on smaller sheets of steel, this estimate could go up to $300.00 – $500.00 

 

Responsible Team Member(s)       Date 

Linda Donoghue                 10/21/09 
Mike Fil 
Evan Olson 
Josh Ross 
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This page will contain the drawing for the Bending Form Top. 

 

 

 

 

 

 

 

 

 

 

 

 

 

(09SpatulaD_bendformtop103_T_01####) 
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This page will contain the drawing for Bending Form Bottom. 

 

 

 

 

 

 

 

 

 

 

 

 

 

(09SpatulaD_bendformbottom104_T_01####) 
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This page will contain the drawing for the Location Fixture. 

 

 

 

 

 

 

 

 

 

 

 

 

(09SpatulaD_locatingfixture107_PF_01####) 



22 | P a g e  

 

This page will contain the calculations for springback related to two bending operations on the neck 

 

 The first for the 45° bend at the head of the spatula 

 The second for the arc in the neck leading up to the handle 

 

 

The equations we will be using are as follows: 

 

  

  

  

  

  

  

  

  

 

Where: 

 

 h = Thickness of sheet 

 w = Outside width of bent channel 

 E = Young’s Modulus 

 Rb = Radius of bend during bending (interior surface) 

 R = Radius of bend during bending measured from center of thickness 

 Rs = Radius of bend after bending measured from center of thickness 

 Rf = Radiums of bend after bending (interior surface) 

 αf = Angle of springback 

 αb = Angle during bending 

 σ0.2 = Yield Stress 

 UTS = Ultimate Tensile Stress 

 F = Forming Force (in tons) 

 L = length 
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Section 4.2 – Head 
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AML TECHNICAL DATA PACKAGE 

MANUFACTURING 
 

Drawing Number                     Assembly Drawing Reference Number 
09SpatulaB_Spatulahead1_C_021019      1 

 

Part Description 

 Function: This head functions as the flipping and cutting portion of the spatula. It interfaces 
 directly with 09SpatulaD_Frame2_C_021019. 
 Material: Thermoset Plastic, BMC1100 CoreLyn.  
 Number Required: 600 
 Associated Calculation:  Shrinkage allowances, stress and strain analysis, thermal deformation 
 Make or Buy Component: Make 

 

Proposed Manufacturing Process Plan 

 Description: This part will be compression molded using a thermal press and mold.  
 Primary Process: Transfer molding.  
  Justification: Material type and order quantity. Injection molding will not suffice due to  
  inadequate thermal resistance properties of thermoplastics.  
  Process Description: A pre determined (through trial) charge of BMC1100 will be pre- 
  heated to 100°F to 125°F. The charge will then be forced, hydraulically, into the transfer  
  mold cavity. The mold will then be heated to 300°F to 350°F by an external electric  
  heater. 
 Machine Tool: Thermal Press and transfer mold. 
 Type of Tooling: Aluminum transfer mold. 
  Manufacturing Method: CNC machining 
  Associated Calculations:  
   Speed and Feed: Cutting Speed of Aluminum = 300 ft./min. 
     RPM: TBD based on end mill type. 
     Feed Rate: TBD based on end mill type. 
   Shrinkage Allowances: 0.002 inches per inch of thickness.  
   Draft Angles: 2-5 Degrees. 
 Notes: 

 

Critical Tolerance Issues and Drawing Reference Number(s) with Noted Tolerances 

None; this part will be molded around the only other part it interfaces with, which is the neck 
(09SpatulaD_Frame2_C_021019). 

 

Surface Finishing Requirements 

None 

 

Tools, Tooling and Fixture Drawing Numbers 

09SpatulaD_headtopmold101_T_01 
09SpatulaD_headbottommold102_T_01 

 

Quality Control Process 

Visual inspection of all parts manufactured. 

   

CAD & CAM File Names/Location 



25 | P a g e  

 

CAD: 
09SpatulaB_Spatulahead1_C_021019 
09SpatulaD_headtopmold101_T_01 
09SpatulaD_headbottommold102_T_01 
CAM: 
<Head Mold Top dwg #> 
<Head Mold Bottom dwg#> 

 

Material Resource Planning 

Production material = BMC1100 CoreLyn 
Part Volume = <X> cu/in 
Density = 1.72 lbs per cu/in 
<X>*1.72*600 = <Y> 
Correction Factor: <Y>*1.2 ~= <Z>  

 

Budget Allocation 

Material Cost Estimate: ~$1.24 per lb. 

Cost per part = <Z> *1.24 =  
Cost per 600 =  

 

Responsible Team Member(s)                       Date 
Jeremy Crouse                  10/21/09 
Tom Rollo 
Joe Sgarlata 
Todd Vranas.      
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This page will contain the drawings for the spatula head transfer molds top. 

 

 

 

 

 

 

 

 

 

(09SpatulaD_headtopmold101_T_01) 
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This page will contain the drawings for the spatula head transfer molds bottom. 
 

 

 

 

 

 

 

 

 

 

(09SpatulaD_headbottommold102_T_01) 
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This page will contain the finite element analysis (FEA) for the spatula head. 

 

 

 

 

 

 

 

 

 

 

(FEA for 09SpatulaB_Spatulahead1_C_021019) 
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Section 4.3 – Handle 
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AML TECHNICAL DATA PACKAGE 

MANUFACTURING 

 

Drawing Number                     Assembly Drawing Reference Number 
09SpatulaD_Handle3_C_021019                 3 

 

Part Description 

 Function:  The handle of the spatula will be formed by injection molding ABS plastic over the 
 end of the frame, and then coating the plastic shell with rubber for superior grip and comfort.   
 Material:   ABS Plastic 
 Number Required: 600 
 Associated Calculation: Used Solidworks with Cosmos force analysis to determine ideal shape 
 and curvature of handle 
 Make or Buy Component: Make 

 

Proposed Manufacturing Process Plan 

 Description: This section outlines the primary manufacturing method of the Handle. We will 
 then dip the handle to form the rubber grip. 
 Primary Process:  Plastic Injection Molding (PIM) 
 Justification:  Speed in manufacturing the part played a major role in our decision to use Plastic 
 Injection Molding.  The only machining that needs to be down is creating the mold.  After the 
 mold is finished, we would only have set the machine to manufacture our parts.   
 Machine Tool: Plastic Injection Molding and the mold. 
 Type of Tooling: Plastic Injection Molding 
  Manufacturing Method:  
  Associated Calculations:  
   Speed and Feed: Not Applicable To PIM 
   Shrinkage Allowances: Shrinkage occurs at a rate of 0.0078in/in   
   Draft Angles: 1 to 5 degrees 

 Notes:   

 

Critical Tolerance Issues and Drawing Reference Number(s) with Noted Tolerances 

Only Critical issue: Handle slot must be right size to allow tight fit of spatula frame.   
Noted Tolerances: Tolerance must be +/- .005 inches  

 

Surface Finishing Requirements 

None applicable to Plastic Injection Molding, however we must determine later finishing on rubber 
coating. 

 

Tools, Tooling and Fixture Drawing Number(s) 

Fixture: MOLD 
Tools: Plastic Injection Molding Machine, Mold 
Tooling: Mold 

 

Quality Control Process 

Visual Inspection, Test Fit 

   
 

CAD & CAM File Names/Location 
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CAD: 

09SpatulaD_Handle3_C_021019 

09SpatulaD_handletopmold105_T_01 

09SpatulaD_handlebottommold106_T_01 

CAM: 

<Handle Mold Top dwg #> 

<Handle Mold Bottom dwg#> 

 

Material Resource Planning 

ABS plastic supply from AML 

 

Budget Allocation 

ABS plastic is free in the AML 
Real World Cost will be determined later 

 

Responsible Team Member(s)        Date 
Michael Liao                  10/16/09 
Tom Ford 
Matt Cullen                                                                                  
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This page will contain the drawings for the spatula handle injection mold top. 

 

 

 

 

 

 

 

(09SpatulaD_handletopmold105_T_01) 
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This page will contain the drawings for the spatula handle injection mold bottom. 

 

 

 

 

 

 

 

(09SpatulaD_handlebottommold106_T_01) 
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This page will contain the finite element analysis (FEA) for the spatula head. 

 

 

 

 

 

 

 

 

 

 

 

(FEA for 09SpatulaD_Handle3_C_021019) 
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Section 5 - Product Assembly 
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Section 5.1 – Assembly Rubber Grip and Handle 
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AML TECHNICAL DATA  

PACKAGE PRODUCT ASSEMBLY 

 

Assembly or Subassembly Name                  Drawing Number 

Rubber handle grip          TBD 

 

Assembly Description 

Dip injection molded handle in rubber coating and allow to dry 

 

Assembly System Flow Chart Drawing Number 

 

Assembly Plan View Drawing Number 

 

Proposed Assembly Process Plan 

 Part or Subassembly 1 
     Name   Item#  Drwg. Or Part # 
  Part or Subassembly handle   1   
  Presentation method 

Part or Subassembly 2 
     Name   Item#  Drwg. Or Part # 
  Part or Subassembly rubber coating    n/a 
  Presentation method 
 

Assembly 
     Name   Item#  Drwg. Or Part # 
  Manipulator  Adept 
  End effector(s)  gripper 
  Fixture   drying fixture  1  
  Inspection 

 

Critical Tolerance/Equipment/Surface Finish Issues 

Equipment Accuracy (Can equipment move to a position or be adjusted with required precision?) 
Not required in this case 
Equipment repeatability (Does Equipment go to same location every time? Do feeders present the parts 
repeatably? Do end effectors grip the parts repeatably?) 
Waiting for test results 
Part Tolerances (Will part tolerances allow for reliable assembly?) 
Not applicable  
Part Surface Viability (How will flashing, warping, burrs, etc affect assembly?) 
Surface defects will have little impact on the assembly process 
Assembly Forces (How much force is required to assemble parts?) 
No force is required at this time 
Part finish Damage (Will part feeding or handling damage parts?) 
No 

 

Quality Control Process 

100% visual inspection 
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CAD & CAM File Names/Location 

TBD 

 

Material Resource Planning 

McMaster-Carr will supply rubber for the grip 

 

Budget Allocation 

Total in BOM 

 

Responsible Team Members        Date 

John Uhl                   10/21/09 
Alex Robb 
Graham Ostrander               
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Section 5.2 – Assembly System Flow Chart and Diagrams 
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Assembly Process 
 

-Water jet the neck 
-Manually belt sand to remove sharp edges 
-Transfer mold thermoset plastic head around neck 
-Injection mold ABS handle around neck 
-Bend the hard bend at spatula head 
-Bend the arc in the neck 
-Manually place spatula on drying fixture 
-STAUBLI Robot picks up spatula and dips handle in rubber coating 
-STAUBLI Robot places spatula on drying fixture 
 

 Code to do dip 

 Move home 
 Break 
 Move spatula1 (spot above spatula resting/ drying tray) 
 Sig 39 (open gripers) 
 Wait 
 Move spatula2  
 Break 
 Sig -39 
 Wait 
 Move spatula1 
 Break 
 Move dip1 (move to above the location plasti dip and rotate the wrist of the Staubi robot) 
 Break 
 Move dip2 (dip the handle in the) 
 Break 
 Move dip1 
 Wait 200 (wait until the plasti dip stop drippings) 
 Move home 
 Brea 
 Move spatula1 
 Break 
 Move spatula2 
 Break 
 Sig 3 
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Robot Workspace Assembly Layout 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

  

Robot 

Conveyer System 

Rubber 

Dip 

Robot 

Drying fixture 
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Section 6 - Budget 
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Budget 

 

Category Type 

Real World Budget 

(6000) 

AML Class Budget 

(600) 

Rate Amount Rate Amount 

Process Charges 

CNC Machining $65.00/hr TBD Free TBD 

Abrasive Water-Jet $75.00/hr TBD $25.00/hr TBD 

Plastic Injection Molding $45.00/hr TBD Free TBD 

Robotics and Assembly $60.00/hr TBD Free TBD 

Metal Forming $45.00/hr TBD Free TBD 

Rapid Prototyping - ABS TBD TBD TBD TBD 

Tooling/Hardware 

Robot End Effectors $250.00 ea TBD $100.00 ea TBD 

Robotic Fixtures $300.00 ea TBD $100.00 ea TBD 

Thermoset Mold TBD TBD $200.00 ea TBD 

Forming Die $1,500.00 ea TBD $150.00 ea TBD 

PIM - 9" x 8" $1,900.00 ea TBD $500.00 ea TBD 

Material/Supplies 

Plolycarbonate $2.27/lb TBD Free TBD 

Plasti Dip $162.99/ TBD $7.99/ TBD 

BMC 1100 $1.24/lb TBD Free TBD 

AISI 304   TBD Free TBD 

Total Cost   0  0 

        

Human Resources Labor $50/hr   Free   

Total Labor   0  0 

        

Grand Total     0   0 

 


