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ÁVariation of lubricants and their application result in different

scrap rates at several stamping plants.

ÁThree important factors such as Cost, Performance and

Compatibility (with different materials/post-processes) should be

considered to select stamping lubricants.

ÁIt is desirable to determine the optimal lubrication conditions (i.e.

combination and application of lubricants) to improve stamping

quality.

ÁIt is required to use reliable lubricant testing methods that can

emulate the stamping conditions in production.

Background
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The overall objective is to reduce scrap rate in stamping Al alloys

and Galvanneal (GA) steel

The specific objectives are to:

ÅDevelop a methodology to evaluate lubricants being used in 

various stamping plants

ÅDetermine best and practical conditions of lubricants (mixture and 

application method) to minimize scrap rate

ÅSelect alternative lubricants that are most compatible with the mill 

and washer oils commonly used in various stamping plants

Objectives

4



Tests for Evaluation of Lubricants
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Based on CPF/OSU experience, there are 3 tribo-tests that can be

used to evaluate stamping lubricants under near-production

conditions:

ÅCup drawing test can emulate the conditions in production

such as contact pressure and speed.

ÅIroning test can emulate the conditions in production such

as temperature and contact pressure.

ÅStrip drawing test was derived from cup drawing test to

reduce the blank size and was designed for AHSS.
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Schematic of CDT Tooling at CPF-OSU

Cup Drawing test was used successfully for evaluating lubricants by various

European manufacturers. CPF-OSU further developed this test for quantitative

ranking of lubricants.

  

Initial blank

Deep drawn 

cup

12 inch

6 inch

Principles of the Cup Drawing Test 
(CDT)

Cushion Pins
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Schematic of cup drawing

As blank holder pressure (Pb) increases, frictional stress (Ű) increases based on

Coulombôslaw.

b

where  = the frictional shear stress

          the coefficient of friction

          P = the blank holder pressure

bPt m

t

m

= Ö

=

Coulombôs law

Principles of the Cup Drawing Test 
(CDT)
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Principles of the Cup Drawing Test 
(CDT)

Performance evaluation criteria for cup drawing test:

i. Maximum drawing load attained (The lower the force, the better

the lubrication condition)

ii. Maximum applicable blank holder force (BHF) without failure of

the cup (The higher BHF that is applied without fracture in the

drawn cup, the better the lubrication condition)

iii. The measurement of draw-in length, Ld, and perimeter of flange

in a drawn cup (The larger the draw-in length or the smaller the

perimeter, the better the lubrication condition)
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Principles of the Strip Drawing Test 
(SDT)

  

Cushion Pins

Dimensions of strip: 

Length = 355 mm

Width = 25 mm



10

Principles of the Strip Drawing Test 
(SDT)

Performance evaluation criteria for strip drawing test (for a

given BHF determined by the FE simulations):

i. Maximum punch force measured (The lower the max. punch

force the better the lubrication condition)

ii. Strip elongation (The smaller the elongation the better the

lubrication condition)



Approach - Phase I
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Phase 1: Preparation of experimental evaluation for various

lubrication conditions

Task 1.1: Procurement of sheet materials and lubricants

a) 6 panels from each sheet material were received:

i. DQS 270F - GA (thickness=0.75-1 mm)
ii. DQS 270F - GA / Pre-Phosphate (thickness=0.75-1 mm)
iii. DQS 270D - GA (thickness=0.75-1 mm)
iv. DQS 270D - GA / Pre-Phosphate (thickness=0.75-1 mm)
v. Al X626 (thickness=0.9-1 mm)

b)Lubricants were supplied by 6 different lubricant companies:

i. Company A
ii. Company B
iii. Company C
iv. Company D
v. Company E
vi. Company F



Approach ïPhase I
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Task 1.2: Preparation of sheet samples for :

a) Strip Drawing Test by CPF/OSU

1 in x 14 in strip samples

b) Cleanability Test by Company G

4 in x 6 in sheet samples

c) Viscous Pressure Bulge Test by CPF/OSU (sheet properties)

10 in x 10 in sheet samples

d) Deep Drawing Test by CPF/OSU

12 in circular sheet samples

Task 1.3: Preparation of lubricant samples for:

a) Cleanability Test by Company G

Lubricants were sampled and sent to Company G. We are waiting for

the results.

b) Chemical Stability Test by Company A and B

Lubricants were sampled and sent for tests. We already received the

results from both of the companies.



Approach - Phase I
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19 Lubricants received from several companies

Lube No. Purpose of Lubricant Codes

1 Press Lubricant L1

2 Press Lubricant L2

3 Press Lubricant L3

4 Press Lubricant L4

5 Press Lubricant L5

6 Press Lubricant L6

7 Mill Oil M

8 Press Lubricant L7

9 Press Lubricant L8

10 Washer oil W1

11 Washer oil W2

12 Washer oil W3

13 Press Lubricant L9

14 Press Lubricant L10

15 Press Lubricant L11

16 Press Lubricant L12

17 Press Lubricant L13

18 Press Lubricant L14

19 Press Lubricant L15
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Chemical Stability Test by Company A

Chemical stability test by Company A was conducted to evaluate the stability

(haziness and precipitation) of the lubricant/washer oil combinations over time

and at different temperatures. Cold rolled (CRS) and hot dip galvanized steel

(HDGI) samples were dipped into the mixtures to evaluate in terms of

corrosion/stain as well.

Chemical Stability Test by Company B

Chemical stability test by Company B was conducted to evaluate the stability

(in terms of haziness and precipitation) of the lubricant combinations over time.

Approach ïPhase I
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Approach ïPhase I

Testing parameters Descriptions

Evaluations are 

done after
1 week 

Test Temperature Room Temperature  

Lubrication 
conditions

i. Mill oil (M) + Washer oil (W) + Press Lubricant (L)

ii. Mill oil (M) + Press Lubricant (L)

Washer oil: i) presently used oils

Press Lubricant: i) presently used lubricant ii) additional lubricants

Chemical Stability Testing Conditions



Approach - Phase I
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Terms Definitions

Clear Transparent

Uniform Homogenous mixture

Not uniform Non-Homogenous mixture

Hazy Cloudy

Precipitation (P) Separation of particles from the mixture

Definitions of Chemical Stability Test Results



Approach - Phase I
For Steel 
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Cond. No Lubrication Cond.

Company A Company B

Stability

(1 week)

Corrosion on 

HDGI (4 weeks)

Stability 

(1 week)

1 M+W3+L1 Not uniform No Corrosion

2 M+W3+L2 Not uniform Corrosion

3 M+W3+L3 Not uniform Corrosion

4 M+W3+L4 Not uniform Corrosion

5 M+W3+L5 Hazy Corrosion

6 M+W3+L6 Not uniform No Corrosion

7 M+W3+L7 Clear No Corrosion

8 M+W3+L8 Clear w 1% P. No Corrosion

9 M+W3+L9 Hazy No corrosion Uniform

10 M+W3+L10 Not Uniform

11 M+W3+L11 Uniform

12 M+W3+L12 Precipitation

13 M+W3+L13 Not Uniform

14 M+W2+L9 Clear No corrosion Uniform

15 M+W3+L14 Not uniform

16 M+W3+L15 Uniform
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Cond. No Lubrication Cond.

Company A Company B

Stability

(1 week)

Corrosion on 

HDGI (4 weeks)

Stability 

(1 week)

17 M+L1 Not uniform No Corrosion

18 M+L2 Clear w 1%P. Corrosion

19 M+L3 Not uniform Corrosion

20 M+L4 Not uniform Corrosion

21 M+L5 Clear Corrosion

22 M+L6 Not uniform No Corrosion

23 M+L7 Clear No Corrosion

24 M+L8 Clear No Corrosion

25 M+L9 Clear No Corrosion Uniform

26 M+L10 Not Uniform 

27 M+L11 Uniform

28 M+L12 Uniform

29 M+L13 Not Uniform

30 M+L14 Not Uniform

31 M+L15 Uniform

Approach - Phase I
For Steel 
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Cond. No Lubrication Cond.

Company A Company B

Stability

(1 week)

Corrosion 

(4 weeks)

Stability 

(1 week)

A1 W1+L9  Clear No Corrosion Uniform

A2 W2+L9 Clear No Corrosion Uniform

A3 W3+L9 Hazy No Corrosion Uniform

Approach - Phase I
For Al Alloy
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Task 1.4 : Characterization of sheet material properties by viscous

pressure bulge (VPB) test

Al X626, DQS 270F-GA and DQS 270D-GA will be tested at CPF/OSU.

Task 1.5: Determination of experimental parameters by conducting

preliminary finite element (FE) simulations

Flow stress data obtained from Task 1.4 will be used in FE simulations

with PAMSTAMP-2G to determine required blank holder force (BHF) for

strip drawing test.

Approach ïPhase I



Approach ïPhase II
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Phase 2: Evaluation of various lubrication conditions by SDT

Testing parameters Descriptions

Strip material DQS 270F ïGA

Die corner radius 
and die material

5 or 12 mm (to investigate the effect of contact pressure)

Cast iron (Ra=0.3 µm, 41 HRC)

Lubrication 
conditions

i. Mill oil (M) + Washer oil (W) + Press Lubricant (L)

ii. Mill oil (M) + Press Lubricant (L)

Washer oil: i) presently used oils

Press Lubricant: i) presently used lubricant ii) additional lubricants

Testing Conditions for DQS 270F ïGA and other steels

SDT will be used to identify the ñbestòlubricant and mill/washer oil combinations. These

will be evaluated using the cup drawing test.
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Task 2.1: Evaluation of lubrication conditions for GA coated draw quality

steel (DQS 270F - GA) by using SDT

a) 31 lubrication conditions (all conditions causing corrosion and

precipitation are eliminated) will be evaluated by SDT based on the

recommended coating weight and application method (draw down bar

or spray) by the lubricant companies.

b) 5 samples per lubrication condition will be tested.

c) 1 die corner radius will be used in the tests.

d) Strip dimensions: 1 in x 14 in

Approach - Phase II



Approach - Phase III
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Testing parameters Descriptions

Sheet materials DQS 270F ïGA

Blank holder force Three BHFs to be determined by preliminary FE simulations

Testing speeds
60 and 120 mm/sec (calculated from 12 SPM and 300 mm slide 
displacement with and without considering part transfer time)

Lubrication 
conditions

i. Mill oil (M) + Washer oil (W) + Press Lubricant (L)

ii. Mill oil (M) + Press Lubricant (L)

Washer oil: i) presently used oils

Press Lubricant: i) presently used lubricant ii) additional lubricants

Testing Conditions for DQS 270F - GA and other steels 

Phase 3: Evaluation of various lubrication conditions by CDT



Approach - Phase III and IV
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Phase 3: Cont. -

Task 3.1: Evaluation of lubrication conditions for GA coated draw quality

steel (DQS 270F - GA) by using CDT

Number of lubrication conditions that will be evaluated by CDT will be

chosen based on the results obtained from SDT in Phase 2.

Phase 4: Recommendations of lubrication conditions for stamping

plants

ÅIn this phase, the results of this project will be summarized in the form of

recommendations as to which lubricant combinations and their application

methods are ñbestòto reduce the scrap rate.

ÅIn addition, the relative cost of different lubricants will be included in the

results.



Deliverables
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Project results will be delivered in forms of :

ÅBimonthly progress report (power point slides) 

ÅSemi-annual CPF sponsors meeting (presentation and discussions/ 

proprietary data will not be discussed)

ÅFinal comprehensive progress report (word document and power point 

slides)



Schedule
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Phases Months

Aug Jan MayMar Apr

Phase 2

Phase 3

Phase 4

DecNov

Phase 1

FebSept OctJuly July


