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INTRODUCTION
The Keweenaw Research Center (KRC) operates as a not-for-profit research, development and testing facility of Michigan Technological University (MTU).  Located on 500 acres near the Houghton County Airport, (approximately 8 miles north of Houghton, Michigan), KRC provides a safe, secure and comprehensive winter and off-road vehicle testing and development environment available to all vehicle, component, and related automotive industry manufacturers.

KRC recognizes the proprietary and con​fidential nature of our clients= activities and is dedicated to maintaining and en​forcing policies designed to provide nec​essary vehicle and program security. 

HISTORY
In the mid >50's KRC began as a test facility for the Army Corps of Engineers.  The facility was taken over by the U.S. Army and used for testing by the Land Locomotion Laboratory in the early >60's​.  In the late >60's the Army contracted with MTU to operate the faci​lity.  KRC began offering services as a non-biased test facility in the mid >80's and purchased the facility in 1993.

KRC began marketing the test facility which resulted in some yearly winter test facility users and contracts with several companies on an as needed basis.



TESTING CAPABILITIES
KRC=s testing capabilities include, but are not limited to, the following:

Winter Tire Testing
!  KRC has testing experience in the fol​lowing winter tire testing procedures:

· Acceleration

· Braking

· Starting On Hill

· Lateral Adherence

· Driveability

· Handling

· Drawbar Pull for longitudinal trac​tion

· Spin-up testing in conjunction with Mobility Research, Inc. (MRI)

!  KRC has complete instrumentation for tire handling and traction testing includ​ing:

· g.analyst

· dc accelerometers

· VC 200

· Load cells

· Wheel speed sensors

· Optical vehicle speed sensor

· Portable data acquisition systems

· Laptop computers

!  MRI has a tire spin-up truck for SAE tire testing procedure J1466.

!  Together, KRC and MRI can supply a complete winter performance evaluation of your tire(s).

Winter ABS and Traction 

Control Testing
!  KRC has experience with ABS, Trac​tion Control, and vehicle dynamic control systems testing on ice, packed snow and deep snow.  Testing includes:

· Braking on ice

· Braking on packed snow

· Braking on split mu (ice/asphalt)

· Braking on alternating mu

· Braking on checkerboard mu

· Acceleration on Ice

· Acceleration on packed snow

· Acceleration on split mu

· Acceleration on grades w/split     mu

· Dynamic handling on ice

· Dynamic handling on packed       snow

!  KRC has data acquisition equipment and instrumentation for vehicle speed, wheel speeds, accelerations, pressures, brak​ing, etc.  

!  KRC has experienced mechanics, tech​nicians and engineers to conduct ABS, traction control and vehicle dynam​ics testing.

!  Engineers experienced with customer-program coordination, test supervision, data anal​ysis, problem solving and test report prepara​tion.



Vehicle Durability Testing
!  KRC has experience with vehicle and component durability testing.

· Gravel roads

· Off-road trails

· Mud/sand and snow courses

· We build courses to meet cus​tomer=s specifications

· All types of wheeled and          tracked vehicles

· Durability routes to meet cus​tomer=s needs

· 4 season mileage accumu​lation

· Data acquisition systems and in​strumentation available

· Ballast (load simulation) as  required

!  KRC has mechanics and technicians experienced in vehicle prepar​ation, in​cluding initial inspec​tions, vehicle build-up, ballast installation, in-test inspec​tions, all instrumentation installations includ​ing strain gages, accelerometers, thermocouples, etc.

!  KRC has engineers experienced in coordinating durability mileage accumula​tion programs, route selection, road pro​file determination, data analysis, failure analysis and test report preparation.

! KRC=s customers have 3 options:

!
They can lease the test facilities to con​duct their own testing.
· KRC can support the customer=s test program.

· KRC can conduct the tests for

 
the customer.
Snow Ingestion Testing

!  KRC has experienced personnel for snow ingestion/intrusion testing:

· Moderate to cold temperatures

· High average daily snowfall

· Experienced technicians for pres​sure transducer and data acquisi​tion systems set up
· Experienced drivers

· Can conduct tests day or night
Miscellaneous Testing

!  KRC can provide a number of other services including:

· Exterior pass-by and Interior Noise   testing

· Gradeability on various slopes    and terrains

· Dynamic handling on gravel and secondary roads

· Shock and vibration testing

! 
Half-rounds of varying sizes for trac​tion or shock testing

!
Can build courses to meet custom​ers specific needs

Data Acquisition Capability
!  KRC has the capability to measure the following parameters:

· Strain, acceleration, force, pres​sure, temperature, displacement, velocity, torque, and roll, pitch and yaw rates

· Several portable data acquisition systems are available with a broad variety of sampling rates and num​ber of chan​nels

· Several laptop pc=s are available for portable use in vehicles

· KRC has a mobile instrumentation van with all of the equipment and heated work space required for off-site testing

· Several vhs video camera=s and still camera=s, including digital, are avail​able  

Miscellaneous

! KRC has several course radios avail​able for our customer=s use.

! There are several heated garage bays, two bays with hoists, others with air lifts, and cold storage facilities.

! Several office areas are available with phone, fax and portable computers.

! KRC has a complete machine shop and welding capabilities plus experienced mechanics and machinists. 
WINTER TEST FACILITIES
The KRC winter test facilities are shown in the photograph below.  KRC is located at the top of the picture.  The Houghton County Airport, which is serviced by Mesaba Northwest Airlines three (3) times a day from both Detroit and Minneapolis, is located in the upper right hand corner of the picture. 

Situated in the Keweenaw Peninsula, the area offers a long test season with abun​dant snow and moderate temperatures.



The test course is adjacent to the KRC build​ings.  It is com​prised of two packed snow areas, a circular track, a large ice rink with split mu areas, grades with split mu areas and two handling loops with a packed snow base.

KRC has developed special techniques for making smooth, consistent surfaces and continually maintains these areas throughout the winter season.
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The KRC test course map is shown be​low.  Each of the different courses is la​beled.



More details on each of the individual courses are presented on the following pages.
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Spin-up Packed Snow Area
The spin-up packed snow area is 

generally used for spin-up tire testing 

conforming to SAE J1466.  The area is 300 feet wide by 900 feet long.  The snow base is packed and groomed such that a base of approximately 12 inches is present throughout most of the winter.
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High Speed Packed Snow Area
The high speed packed snow area is one half-mile long.  The first 1,400 foot sec​tion is approximately 50 feet wide and is used for gaining speed on high speed tests.  The final 1,200 feet opens up to a 250 foot wide section.  This area is used for high speed handling maneuver such as lane changes.  Some custo​mers use only the wider section for slalom or J-turn maneuver.
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Ice Rink
The KRC ice rink is 200 feet wide by 1,200 feet long.  Packed snow lanes are located on each side of the ice rink for snow/ice split mu surfaces or packed snow use.  The rink also contains asphalt for split mu high/low coefficient of friction testing.  There is an alternating mu, a 500 foot strip for left/right split mu and a checkerboard mu surface.  The rink is mainly used for ABS and traction control testing.
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Grades
KRC has several different grades for trac​tion control and tire testing.  There are paved grades of 7, 15, 20, 25, 30 and 40 percent.  These areas are designed such that ice strips are formed on each side of the asphalt for split mu traction testing.  There are also packed snow grades of 20, 25, 30 and 40 percent.
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Handling Loops
[image: image12.png]



[image: image13.png]



KRC has two handling loops.  The small loop is 1.2 miles long with gentle radius curves, slight grades and smaller straight sections.  The large handling loop is 1.6 miles long and has some tighter curves and longer straight sections.  Both loops have packed snow bases and lap timers.  These loops are excellent for testing tires for lateral adherence, handling, braking, acceleration, etc.
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Circle Track
The KRC circle track has an inside dia​meter of 600 feet and an outside diame​ter of 800 feet resulting in a track width of approximately 100 feet.  A ten foot wide ice lane is often formed near the inside of the packed snow lane for traction testing and handling maneuver.
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NON-WINTER OFF-ROAD 

TESTING
KRC builds off-road courses to meet our customers needs.  Currently, the winter test course described above, is used to simulate secondary gravel roads in the spring, summer and fall.  KRC has built some rugged off-road courses for ride quality analysis, suspension testing 

and drive-train durability testing.



A good example is the drive-train durabil​ity course which consists of half-rounds of various sizes strategically placed for allowing some wheels good traction while others have very little traction.  The course also has several mud holes with steep exit slopes, a deep sand area and a fairly steep side slope.
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FACILITIES, SUPPORT EQUIP​MENT & INSTRUMENTATION
Facilities
! Customer Garages:  Several dedicated customer garages are available which can be made secured if the custo​mer wishes.  Garages include: 2 - 40 x 100 foot, 2 - 20 x 40 foot and 1 - 40 x 40 foot heated bays, 1 - 40 x 100 foot unheated.

! Machine Shop: Fully equipped shop including 3 lathes, large vertical mill, small​er vertical/horizontal mill, radial drill press, metal band saw, press, surface grinder and cut-off machines.

! Fuel Station: KRC utilizes the Airport=s fuel station for itself and customers.  Customers can be assigned a fuel key with pin number to charge to a separate fuel account.  Diesel, unleaded regular and unleaded high octane fuels are avail​able.

! Welding Area: KRC has welding facili​ties including MIG, TIG, spot welder, wire feed and gas welders.  Portable welders are also available.

Support Equipment
! Portable scales to 20,000 lbs.

! 2 hydraulic hoists, 7,000 and 9,000 lbs.

! Air actuated car lifts.

! Tire changing machine.

! Forklifts and loading docks.

! Cold Room 10 x 15 feet capable of -40.

! Specialized laboratory test machines.

! Assorted Support Equipment including:

· D7 bulldozer

· International tractor with large snowblower

· Gallion TD500 grader with 13 foot mold​board and 12 foot snow wing

· Ford L9000 with front blade, moldboard and wing plow

· 10 ton truck for pulling 12 ton snow packer or snow groom​er

· Smaller rubber tire snow pack​ers and groomers

· Two trucks with wire wheel brooms

· Several pickups with snowplows

· Two water tanker trucks

! Cameras

· Two vhs and one super vhs

· Several 35 mm cameras

· One digital camera

· High speed video rental

! Offices

· Offices in shop areas with heat, security, phone, fax and pc=s.

· Offices in main administration build​ing with security, fax and pc=s.

! Additional personnel in the form of la​borers (e.g., tire fitters), graduate stu​dents and University Professors as con​sultants are available upon request.

Instrumentation Capability
A wide variety of transducers, data acqui​sition systems and analysis devices are available to support collection, analysis and reduction of experimental data.  The following instrumentation is available:

! Pressure transducers from 15 psia to 3,000 psig.

! Several force transducers, both tension and tension/compression from 500 to 50,000 lbs.

! Torque transducers to 1,200 in-lbs or specially made strain gage torque trans​ducers.

! Vehicle and wheel speed transducers including, optical, 5th wheel, wheel pulse encoders, DC tachometers and drum ta​chometer.

! Several type J, K, and T thermocouples.

! Rotational speed sensors, both magne​tic pickup and DC tachometers.

! Photoelectric sensors for shaft speeds or event markers.

! Vehicle motion sensors including a Mo​tion Pak 3 axis accelerometer and 3 axis angular velocity sensor, a g.analyst, a VC 200 and DC accelerometers.

! B&K 2230 sound level meter and third octave analyzer.

! Slip rings for acquiring signals off of rotating components.​

! Data acquisition systems include: a DATRON AEP-2 32 channels at 1000 hz per channel max. sampling rate, Daytronic system 10 DataPAC, several data loggers and A/D boards for laptop data acquisition, Teac and Sony digital tape recorders and signal conditioning systems.

Weather Station 

KRC has it=s own weather station which records and stores weather data every 15 minutes, 24 hours a day.  Data collected includes rainfall, snowfall, barometric pres​sure, temperature, wind velocity, wind direction, and long wave and short wave solar radiation.

10 Year Average Weather Data

Temperature oF



Month
Minimum
Maximum
Snowfall

Jan.
10
22
63.3"

Feb.
9
23
36.0"

Mar.
19
33
24.4"

Apr.
31
47
7.2"

May
42
63
0.9"

Jun
51
71
-----

July
56
75
-----

Aug.
56
73
-----

Sept.
48
63
0.3"

Oct.
37
50
5.1"

Nov.
25
35
27.2"

Dec.
15
26
52.4"

AREA MOTELS, RESTAURANTS

& POINTS OF INTEREST​
Hotels/​Motels
Americ​Inn Motel
337-6463

5101 S 6th St, Calumet

Arcadian Acres Motel
482-0288

U.S. 41 Bost​on Jct

Best Western Copper Crown
482-6111

235 Hancock, Han​cock

Best West​ern King's Inn
482-5000

215 Sheld​en Ave, Hough​ton

Best Western-Frank​lin Square Inn
487-1700

820 Sheld​en Ave, Hough​ton

Bostrom-Johnson House B&B
337-4651

1109 Calumet Ave, Calumet Twp

College Motel
482-2202

1308 College Ave, Houghton

Downtowner Hotel
482-4421

110 Shelden Ave, Houghton

Elms Motel
337-2620

335 Sixth St, Calumet

Gateway Motel
482-3511

U.S. 41, Houghton

Holiday Inn Express
482-1066

1110 Century Way, Houghton

Holiday Motel
482-5525

U.S. 41, Houghton

Keweenaw Mountain Lodge
289-4403

U.S. 41, Copper Harbor (seasonal)

Lakes Motel
296-9528

301 Calumet St, Lake Linden

Laurium Manor Inn B&B
337-2549

320 Tamarack, Laurium

Portage Motel
482-2400

501 Park Ave, Houghton

Ramada Inn
482-8400

99 Navy St, Hancock

Super 8 Motel
482-2240

1200 E Lakeshore Dr, Houghton

Vacationland Motel
482-5351

U.S. 41, SE Houghton

Whispering Pines Motel
482-5887

U.S. 41 & Airport Rd, Calumet


Restaurants
American Contemporary
Al's Supper Club & Trophy Lanes
296-0128

1500 Duncan Ave, Hubbell

Ambassador Restaurant
482-5054

126 Shelden Ave, Houghton

Chippewa Restaurant
523-4940

U.S. 41, Chassell

Copper Kettle Family Restaurant
337-4616

U.S. 41, Calumet

Dreamland Hotel
296-3191

168 Bootjack Rd, Lake Linden

Evergreen Inn
337-4700

108 Fifth St, Calumet

Goal Post, The
296-9491

924 Ninth St, Lake Linden

Library Bar
487-5882
Shelden Ave, Houghton

Marie's Deli
482-8650

518 Sheld​en Ave, Houghton

Perkins Family Restaurant
482-7906

1001 Sharon Ave, Houghton

Quincy's Restaurant & Lounge
482-2118

M-26, Dollar Bay

Toni's Country Kitchen
337-0611

79 3rd St, Laur​ium

Elegant Dining
Kewee​naw Moun​tain Lodge
289-4403

U.S. 41, Copper Harbor (seasonal)

Northern Lights Restaurant
482-4882

820 Shelden Ave, Houghton

Nutini's Supper Club
482-2711

321 Quincy, Hancock

Onigaming Supper Club
482-2714

U.S. 41, Houghton

Pilgrim River Steakhouse
482-8595

U.S. 41, Houghton

Portage Landing
482-8494

99 Navy St, Houghton
German
Old Country Haus
337-4626

U.S. 41, Kearsarge

Italian
Armando's Restaurant
482-2003

517 Shelden Ave, Houghton

Domino's Pizza
482-0972

804 Sharon Ave, Houghton

Gemignani's
482-2920

512 Quincy St, Hancock

Gino's Restaurant
482-3020

800 Quincy St, Hancock

Godfather's Pizza
482-4343

997 Sharon Ave, Houghton

Pizza Hut
482-0978

1001 W Memorial Rd, Houghton

Shawn's Restaurant & Pizzeria
337-2122

333 Hecla, Laurium

Chinese
Hunan Garden
482-8588

301 Shelden Ave, Houghton

Ming Garden
482-8000

1301 Ridge Road, Houghton

Mexican
Taco Bell
487-5555

900 Razorback Dr, Houghton

Los Dos Amigos
482-1991

52 Huron, Houghton

NOTE:
Banquet, catering and conference facili​ties can be arranged on request.

Sports
Student Development Complex
487-2578

MTU, Houghton

Malls/Movie Theaters
Copper Country Cinema 5
482-3799

Copper Country Mall, Houghton

Copper Country Mall
482-6210

1703 W Memorial Dr, Houghton

Lode Theatre
482-0280

510 Sheld​en Ave, Houghton

Pic Thea​tre
482-3470

426 Quin​cy St, Hancock

Portage Plaza

1700 W Memorial Dr, Houghton

The Shar​on Centre

901 Shar​on Ave, Hought​on

Recreati​on
Bowling
Al's Supper Club & Trophy Lanes
296-0128

1500 Duncan Ave, Hubbell

Copper Bowl Lanes
482-1270

851 Royce Rd, Ripl​ey

Miller's Recreation
337-4601

311 Hecla, Lauri​um

Casinos
Ojibwa Casino Resort
800-323-8045

M-38 & Beartown Rd, Baraga

Lac Vieux Desert Casino
906-358-4423

US2 & Hwy 45, Watersmeet
Golf
Calumet Golf Club
337-3911

1501 Golf Course Rd, Calumet

Keweenaw Mountain Lodge
289-4403

U.S. 41, Copper Harbor

Fitness
Court House fitness Center
482-8201

700 Sharon Ave, Houghton

Gym Inc
482-7014

111 Front St, Hancock

Superior Body Bldg & Fitness
337-5580

211 5th St, Calumet

Student Development Complex
487-2578
MTU, Houghton
Museums/Art
Community Arts Center
482-2333

124 Quincy, Hancock

Copper Range Historical Museum
482-6125

148 M-26, South Range

Houghton Cty Historical Museum
296-4121

5500 M-26, Lake Linden

Omphale Gallery
337-2036

215 6th St, Calumet

Quincy Mine Hoist Assoc. Inc
482-3101

U.S. 41, Franklin Twp, Hancock

Seaman Mineralogical Museum
487-2572

MTU, 1400 Townsend Dr, Houghton

Skiing
Swedetown Ski Chalet
337-1170

Calumet

Mont Ripley Ski Hill
487-2340

Royce Rd, Ripley

Snowmobile Rental
Dan's Polaris
482-6227

642 M-26, Houghton

Evert's Motor Sales
482-2811

315 Dakota, Hancock

Air Lines
Mesaba-Northwest Airlink
482-3660

1 Airport Entrance Rd, Franklin Twp.

Car Rentals
Avis Rent A Car
482-1216

612 Quincy, Hancock

National Car Rental
482-6655

Houghton County Memorial Airport
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