
3M™ Hybrid Diamond Grinding Wheel 6PHU 
High Performance Fluting X-Series

X96A
Excellent form holding

X96B
High removal rates, 
extreme free-cutting

3M™ 6PHU X-Series Fluting Wheels, developed with an innovative hybrid bond, are available in two formulations for 
your tungsten carbide fluting needs. X96A is designed for improved form retention— essential for drill and specialty 
tool fluting. X96B’s free-cutting formulation is designed for fast-fluting of standard end mills and other tools benefiting 
from low-power fluting. 

Innovative X-Series bond

■ �Reduced spindle power — (X96B) 
Reduced cycle time; increased  
parts per dress

■ �Improved form retention — (X96A)  
Increased parts per truing

■ �Full copper body 
■ �EDM dressable

3M™ Hybrid Diamond Grinding Wheel 6PHU
Grinding wheel cost-benefit-showcase

Conditions Data

Current wheel 3M™ Hybrid bond grinding wheel 6PHN

Workpiece material Tungsten carbide end-mill

Workpiece Diameter [mm] 12

No. of flutes 4

Flute depth [mm] 2.4

Flute length [mm] 30

Helix angle 30

Wheel wear [mm] after 100 pcs 0.1

Current wheel price $400

Current process cost per part $1.35

NEW Grinding wheel X-Series 3M™ Hybrid bond grinding wheel 6PHU

NEW process time/cost $0.91

Overall cost savings: 33% 
Example: at 10,000 workpieces/year = $4,400 total savings for single operation



Application examples:

Application Example X96A

Workpiece TC Step Drill 3.6–6.9mm OD

Grinding wheel 3M™ 6PHU 1A1-5-0.5-0.375 D280 X96A-1.25

Grinding machine Walter Helitroninc Power

Lubricant Oil

Grinding Parameters

Feed rate vf = 38mm/min

Fluting depth 3.6–6.9mm / 1 pass

Spec. material  
removal rate Q’w = 2.3–4.4mm3/mm ∙ s

Application Example X96B

Workpiece TC milling cutter 25mm with 2 flutes, 30 helix angle

Grinding wheel 3M™ 6PHU 1A1-7-0.625-0.375-D280 X96B-2

Grinding machine Rollomatic 6000XL

Lubricant Oil

Grinding Parameters

Feed rate vf = 107mm/min

Fluting depth 4.0mm / 1 pass

Spec. material  
removal rate Q’w = 7.2mm3/mm ∙ s

The table below provides operating parameter guidelines for fluting with our new X-Series wheels. Parameters for X96A (form-holding) and X96B 
(free-cutting) are based on specific removal rate (Q’w) ranges developed under laboratory test conditions and verified in production settings. 

Recommended parameters are guideline only: Optimized parameters are dependent upon tool  
geometry and machine setup. Current process parameters should be used for initial setup guidance.

Technical operating parameters

Feed Vf [mm/min]
40 50 60 70 80 90 100 120 140 160 180 200

Pr
ofi

le
 d

ep
th

 a
e [m

m
]

1.0 0.7 0.8 1.0 1.2 1.3 1.5 1.7 2.0 2.3 2.7 3.0 3.3
1.5 1.0 1.3 1.5 1.8 2.0 2.3 2.5 3.0 3.5 4.0 4.5 5.0
2.0 1.3 1.7 2.0 2.3 2.7 3.0 3.3 4.0 4.7 5.3 6.0 6.7
2.5 1.7 2.1 2.5 2.9 3.3 3.8 4.2 5.0 5.8 6.7 7.5 8.3
3.0 2.0 2.5 3.0 3.5 4.0 4.5 5.0 6.0 7.0 8.0 9.0 10.0
3.5 2.3 2.9 3.5 4.1 4.7 5.3 5.8 7.0 8.2 9.3 10.5 11.7
4.0 2.7 3.3 4.0 4.7 5.3 6.0 6.7 8.0 9.3 10.7 12.0 13.3
4.5 3.0 3.8 4.5 5.3 6.0 6.8 7.5 9.0 10.5 12.0 13.5 15.0
5.0 3.3 4.2 5.0 5.8 6.7 7.5 8.3 10.0 11.7 13.3 15.0 16.7
5.5 3.7 4.6 5.5 6.4 7.3 8.3 9.2 11.0 12.8 14.7 16.5 18.3
6.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 12.0 14.0 16.0 18.0 20.0

	 Start parameters D280 X96A (form holding)	 	 Start parameters D280 X96B (free cutting)
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For more information

Starting parameters are guideline only: Optimized parameters are dependent upon tool geometry and machine setup. Current process parameters 
should be used for initial setup guidance.

Process parameters for grinding flutes on tungsten carbide drill bits and milling cutters

Technical Information: The technical information, guidance, and other statements contained in this document or otherwise provided by 3M are based upon records, tests, or experience that  
3M believes to be reliable, but the accuracy, completeness, and representative nature of such information is not guaranteed. Such information is intended for people with knowledge and technical 
skills sufficient to assess and apply their own informed judgment to the information. No license under any 3M or third party intellectual property rights is granted or implied with this information. 
Product Selection and Use: Many factors beyond 3M’s control and uniquely within user’s knowledge and control can affect the use and performance of a 3M product in a particular application. 
As a result, customer is solely responsible for evaluating the product and determining whether it is appropriate and suitable for customer’s application, including conducting a workplace hazard 
assessment and reviewing all applicable regulations and standards (e.g., OSHA, ANSI, etc.). Failure to properly evaluate, select, and use a 3M product and appropriate safety products, or to 
meet all applicable safety regulations, may result in injury, sickness, death, and/or harm to property. Warranty, Limited Remedy, and Disclaimer: Unless a different warranty is specifically stated 
on the applicable 3M product packaging or product literature (in which case such warranty governs), 3M warrants that each 3M product meets the applicable 3M product specification at the 
time 3M ships the product. 3M MAKES NO OTHER WARRANTIES OR CONDITIONS, EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, ANY IMPLIED WARRANTY OR CONDITION 
OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR ARISING OUT OF A COURSE OF DEALING, CUSTOM, OR USAGE OF TRADE. If a 3M product does not conform to this 
warranty, then the sole and exclusive remedy is, at 3M’s option, replacement of the 3M product or refund of the purchase price. Limitation of Liability: Except for the limited remedy stated above, 
and except to the extent prohibited by law, 3M will not be liable for any loss or damage arising from or related to the 3M product, whether direct, indirect, special, incidental, or consequential 
(including, but not limited to, lost profits or business opportunity), regardless of the legal or equitable theory asserted, including, but not limited to, warranty, contract, negligence, or strict liability.

Recommended wheel speed: 3,150 SFPM (16m/s). Wheel speed can be adjusted to optimize 
performance. Faster wheel speeds can make the wheel act harder to provide improved form, 
while slower wheel speeds tend to “soften” the wheel, enhancing the cut performance. 
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