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Winding has existed almost as long as 
writing



What’s the worst part about celebrating 
National Toilet Paper Day?

August 26th – National Toilet Paper Day



The roll as a package



Wound rolls need to survive transportation



The first challenge is to find a usable roll…



…or at least roll that you can load into your 
machine



TNT’s of Winding



The Jack Daniel’s™ Principle 
of Winding
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Winding is a series of torque transfers.



Unwind



Rewind



The TNT’s of Winding – Tension, Nip and 
Torque

Nip

Tension

Torque



Free span winding is simple yet prone to 
torque capacity defects



Nip winding increases roll tightness 
but may compress web



Gap winding prevents damage to 
product but requires sensing 

equipment



Surface wind torque model



Center-surface winding gives you the advantage 
of both nip and center torque.



Nip Pressure Dynamics

Nip Drum

Core

Core Shaft



Center-Surface Winding



Putting everything together 
enables you to build good rolls.



So what is slowing you down?

Unbalance



Unbalance hinders throughput

Unbalance - to distribute a mass unequally 
causing the mass axis to differ from the 
bearing axis.

The common cause of vibration within 
rotating machinery equipment.



What unbalances and creates vibration 
at the winders?

Core Deformation

Eccentric Rotating Mass

Critical Speed



Speed and Vibration

Critical Speed:
Rotational speed combined with deflection at which 

the winding product exceeds its natural resonant 
frequency

Ncritical =

211 = Constant
N = Shaft Speed (RPM)
∆ = Shaft Deflection, in.

defl∆
211



Affecting Critical Speed

Steel shaft critical speed curve

Critical and Shaft Speed cp. Roll O.D.
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Critical Speed

Shaft Speed

120% Critical Speed

80% Critical Speed

Roll O.D. (inches)

Speed (rpm)
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Master

		Quote Assumptions						Shaft Cost						Accessory Cost

		Quote Number:						Material						Bearing Assemblies - Standard

		Quantity:		1				Body Tube:		$3,563				Quantity per shaft:		2

		Shaft Type:		860 GM				Body bore:		$3,113				Material:		0

		Face Length:		273				Journals:		$1,949				Labor Hours:		0.0

		Spool Diameter:		12				Heads:		$300				Total Cost Each:		$1,248

		Body Material:		Wrought/Bored Tube				Heat Treatment:		$0				Total Cost Per Shaft:		$2,495

		Journal Material:		Forging				All other material:		$1,425				Book List Price Each:		$2,495

		Balance Spec:		G2.5 Balance				Total Material Cost:		$10,350				Total Per Shaft:		$4,990

		Brake/Drive Hub:		No

		Shaft Puller:		Yes				Labor Hours						Brake/Drive Hubs - Standard

		Other:						Assembly:		12.0				Quantity per shaft:		1

								Body:		61.0				Material:		$0

		Reference Data						Bore body:		0.0				Labor Hours:		0.0

		Target Pure Margin:		50%				Journals:		22.0				Heat Treat Cost:		$0

		Labor rate per hour:		$67				Misc. machining:		5.0				Total Cost Each:		$750

		Bearing/Hub Ass'y Per Shaft:		2				Set up:		2.0				Total Cost Per Shaft:		$750

		Actual Cost - Reference SO AK980:		$20,913				Balance:		16.0				Book List Price Each:		$1,500

		ACIPCO Tube Cost:		N/A				Total Labor hours:		118.0				Total Per Shaft:		$1,500

		ACIPCO Lead Time:		N/A

		Forging lead time:		6 weeks				Total Shaft Cost:		$18,256				Puller

		Wrought Tube Cost:		N/A				List Price Each:		$36,512				Quantity per shaft:		1

		Wrought Tube Lead Time:		N/A										Material:		$0

								Total Accessory Cost:		$3,245				Labor Hours:		0.0

		Incidental Costs						Total Accessory Pricing:		$6,490				Heat Treat Cost:		$0

		Freight - FOB Camas:		$0										Total Cost Each:		$0

		Crating Cost:		$0				Price Summary						Total Cost Per Shaft:		$0

		Economy Packaging Cost:		$0				Total Assembly Cost:		$21,501				List Price Each:		$0

		Tooling Cost:		$0				Gross Price Each:		$43,002				Total Per Shaft:		$0

		Total Incidental Costs:		$0				Discount 1:		0.0%

		Chargeable Incidental Costs:		$0				Discount 2:		0.0%				Other

								Net Price Each:		$43,002				Quantity:		1

								Pure Margin:		50.0%				Material:		0

								Standard Margin:		50.0%				Labor Hours:		0.0

								Total Quote Net Price:		$43,002				Heat Treat Cost:		$0

								Price does not include shipping/handling, spare parts kit or commissioning visit.						Total Cost Each:		$0

														Total Cost Per Shaft:		$0

														List Price Each:		$0

														Total Per Shaft:		$0

		Reference: AK980

		Shaft Cost:		18448

		Bearings:		2465

		Total Cost:		20913



&C&A

&L&F&R&D

Yes/No

Yes/No

Bar Stock/Forgings

8"-10" = 50%
11"-15" = 52%
16"-20" = 55%

OEM = 4% more than standard

Costs for one shaft only.

Review with Product, Customer Service or Manufacturing Manager prior to charging.

Comments:



Critical Values

		Paper Machine #

		Description		Value

		Shaft deflection with core only (in.):		0.008

		Shaft deflection under (max load) lb. load (in.):		0.040

		Calculated critical speed of shaft with core (rpm):		836

		85% of calculated critical speed (rpm):		711

		115% of calculated critical speed (rpm):		961

		Maximum recommended load capacity (lbs):		7700

		Maximum stress (psi):		8869





Critical Speed cp. Roll Cycle

		

										Acceleration & Critical Speed

																																								115% Ncr=		3.322

						Basis Wt.		Tissue				Customer:		Reference														Initials:		SC										85%Ncr=		4.494

								(# per 3000 ft2 )																																D1=		3.307

										INPUTS						860-GM				Center Rewind						RESULTS														D2=		4.474

								Core I.D:		3.000		in.												Roll O.D. @ Full Speed		4.00		in.

								Core O.D.:		4.000		in.												RPM's @ Full Speed		1432		rpm												Time =		4.75		seconds

								Max. Web Width		76.000		in												Acceleration Time		10.0		sec

								Wt. of parent roll w/o shaft:		2298		lb.												Material Length @  Full Speed		125.0		ft

								Diameter of parent roll:		40.000		in.												Roll Weight @ Full Speed		23.8		lb.

								Paper machine speed:		1500		fpm												(Core Weight)		10.0		lb.

								Acceleration Rate		150		fpm/sec												(Mat'l Weight)		13.8		lb.

								Mat'l Thickness		0.005		in.												Total Roll Wind Time		13.8		min.

								*Core Material Density		0.024		lb/in3												Total Roll Material Length		20735		ft.

								Shaft Load Capacity		3,615		lb.												Web Material Density		0.024		lb/in3

								Bearing Centers		90.000		in.												Dia. @ Shaft Capacity		50.1		in.

								Shaft Weight		90.0		lb.												Number of Rev's Above Capacity		0		rpm's

								Empty Shaft Deflection		0.018		in.												Deflection @ Full Speed		0.018		in.

								Modulus of Elasticity, E		30.0		106, psi												Critical Speed Safety Factor		1.05		(1.25 min.)

								I (shaft)		1.971		in4

								Core Material		Fiber

																Antique Finish				0.023		lb/in3				Newsprint		0.025		lb/in3

								* Typical Material Densities:								MachineFinish				0.034		lb/in3				Pulp		0.021		lb/in3										0.018		Reference Deflection Calc.

								Steel		0.283		lb/in3				Super Calendar				0.038		lb/in3				Glassine		0.050		lb/in3

								Aluminum		0.098		lb/in3				Coated 2 Sides				0.041		lb/in3				Grease Proof		0.037		lb/in3

								Plastic		0.045		lb/in3				Bond				0.029		lb/in3				Foil		0.098		lb/in3

								Fiber Core		0.024		lb/in3				Tissue Carbon				0.029		lb/in3				Film		0.032		lb/in3

																Kraft				0.024		lb/in3				Foil Paper		0.015		lb/in3

																										9 Pt. Corrug.				0.023		lb/in3						Overall length		100.000										pli		1.0

						Estimated time to pass through critical range:												5		Seconds																		Deflection Factor		1.000										tension force		76

																																						Supports		Simple				Roll:		Multi-slit				delta roll o.d.		2		Ncr Factor		0.8		1.2

																																						shaft wt between brg c-c		81.0				web speed		1500				nip force		0		nipx		76

																																						brg c-c		90.000				core gap		0.062				nip loc.		0.00		nipy		0

																																						Web		76.000				a		7				resultant nip + shaft		111		total-y		81

																																				Web Speed		Roll O.D.		Roll Wt.		Total Wt		Shaft Wt Def + Nip		Roll Wt Def		Total Def (center)		Total def (roll end)				Limited @ center		Cant' Defl		Max Defl		Crit.Speed				Max Ncr		Max FPM		Shaft RPM

																																				1500		4.0		10		91		0.018		0.002		0.020		0.018				0.020		0.000		0.020		1507		1808		1205		1262		1432

																																				1500		4.0		10		91		0.018		0.002		0.020		0.018				0.020		0.000		0.020		1507		1808		1205		1262		1432

																																				1500		6.0		39		120		0.018		0.006		0.024		0.019				0.024		0.000		0.024		1355		1626		1084		1703		955

																																				1500		8.0		79		160		0.018		0.013		0.031		0.019				0.031		0.000		0.031		1203		1444		963		2016		716

																																				1500		10.0		131		212		0.018		0.021		0.039		0.020				0.039		0.000		0.039		1067		1281		854		2235		573

																																				1500		12.0		195		276		0.018		0.031		0.049		0.021				0.049		0.000		0.049		950		1140		760		2388		477

																																				1500		14.0		270		351		0.018		0.043		0.061		0.023				0.061		0.000		0.061		852		1022		682		2498		409

																																				1500		16.0		357		438		0.018		0.057		0.075		0.024				0.075		0.000		0.075		769		923		615		2577		358

																																				1500		18.0		455		536		0.018		0.073		0.091		0.026				0.091		0.000		0.091		699		839		559		2636		318

																																				1500		20.0		565		646		0.018		0.091		0.109		0.027				0.109		0.000		0.109		640		768		512		2681		286

																																				1500		22.0		686		767		0.018		0.110		0.128		0.029				0.128		0.000		0.128		589		707		472		2716		260

																																				1500		24.0		819		900		0.018		0.131		0.149		0.032				0.149		0.000		0.149		546		655		437		2743		239

																																				1500		26.0		963		1044		0.018		0.155		0.173		0.034				0.173		0.000		0.173		508		609		406		2765		220

																																				1500		28.0		1119		1200		0.018		0.180		0.198		0.037				0.198		0.000		0.198		475		569		380		2783		205

																																				1500		30.0		1287		1368		0.018		0.207		0.225		0.040				0.225		0.000		0.225		445		534		356		2797		191

																																				1500		32.0		1466		1547		0.018		0.235		0.253		0.042				0.253		0.000		0.253		419		503		335		2809		179

																																				1500		34.0		1657		1738		0.018		0.266		0.284		0.046				0.284		0.000		0.284		396		475		317		2819		169

																																				1500		36.0		1859		1940		0.018		0.298		0.316		0.049				0.316		0.000		0.316		375		450		300		2828		159

																																				1500		38.0		2073		2154		0.018		0.333		0.351		0.053				0.351		0.000		0.351		356		428		285		2835		151

																																				1500		40.0		2298		2379		0.018		0.369		0.387		0.056				0.387		0.000		0.387		339		407		271		2842		143

																																				1500		42.0		2535		2616		0.018		0.407		0.425		0.060				0.425		0.000		0.425		324		388		259		2847		136

																																				1500		44.0		2783		2864		0.018		0.447		0.465		0.065				0.465		0.000		0.465		309		371		248		2852		130

																																				1500		46.0		3043		3124		0.018		0.489		0.507		0.069				0.507		0.000		0.507		296		356		237		2856		125

																																				1500		48.0		3315		3396		0.018		0.532		0.550		0.073				0.550		0.000		0.550		284		341		228		2860		119

																																				1500		50.0		3598		3679		0.018		0.578		0.596		0.078				0.596		0.000		0.596		273		328		219		2863		115

																																				1500		52.0		3893		3974		0.018		0.625		0.643		0.083				0.643		0.000		0.643		263		316		211		2866		110

																																				1500		54.0		4199		4280		0.018		0.674		0.692		0.088				0.692		0.000		0.692		254		304		203		2868		106

																																				1500		56.0		4517		4598		0.018		0.725		0.743		0.093				0.743		0.000		0.743		245		294		196		2871		102

																																				1500		58.0		4846		4927		0.018		0.778		0.796		0.099				0.796		0.000		0.796		237		284		189		2873		99

																																				1500		60.0		5187		5268		0.018		0.833		0.851		0.105				0.851		0.000		0.851		229		275		183		2875		95

																																				1500		62.0		5539		5620		0.018		0.889		0.907		0.111				0.907		0.000		0.907		222		266		177		2876		92

																																				1500		64.0		5903		5984		0.018		0.948		0.966		0.117				0.966		0.000		0.966		215		258		172		2878		90

																																				1500		66.0		6279		6360		0.018		1.008		1.026		0.123				1.026		0.000		1.026		208		250		167		2879		87

																																				1500		68.0		6666		6747		0.018		1.070		1.088		0.129				1.088		0.000		1.088		202		243		162		2881		84

																																				1500		70.0		7065		7146		0.018		1.134		1.152		0.136				1.152		0.000		1.152		197		236		157		2882		82

																																				1500		72.0		7475		7556		0.018		1.200		1.218		0.143				1.218		0.000		1.218		191		229		153		2883		80

																																				1500		74.0		7897		7978		0.018		1.268		1.286		0.150				1.286		0.000		1.286		186		223		149		2884		77

																																				1500		76.0		8330		8411		0.018		1.337		1.355		0.157				1.355		0.000		1.355		181		218		145		2885		75



&CFile: &F.xls

&LTab: &A&C&D

Enter LOA

Enter PLI if different than 1.0

Input engineering deflection variable

Input I value from engineering beam2D calc. for body

Input estimated self weight from engineering beam 2D calc



Critical Speed cp. Roll Cycle

		



Critical Speed

Shaft Speed

120% Critical Speed

80% Critical Speed

Roll O.D. (inches)

Speed (rpm)

Critical and Shaft Speed cp. Roll O.D.



Critical Speed cp. Roll Cyc (2)

		

										Acceleration & Critical Speed

																																								115% Ncr=		3.322

						Basis Wt.		Tissue				Customer:		Reference														Initials:		SC										85%Ncr=		4.494

								(# per 3000 ft2 )																																D1=		2.375

										INPUTS						860-GM				Center Rewind						RESULTS														D2=		3.213

								Core I.D:		3.000		in.												Roll O.D. @ Full Speed		4.00		in.

								Core O.D.:		4.000		in.												RPM's @ Full Speed		1432		rpm												Time =		0.00		seconds

								Max. Web Width		76.000		in												Acceleration Time		10.0		sec

								Wt. of parent roll w/o shaft:		2298		lb.												Material Length @  Full Speed		125.0		ft

								Diameter of parent roll:		40.000		in.												Roll Weight @ Full Speed		23.8		lb.

								Paper machine speed:		1500		fpm												(Core Weight)		10.0		lb.

								Acceleration Rate		150		fpm/sec												(Mat'l Weight)		13.8		lb.

								Mat'l Thickness		0.005		in.												Total Roll Wind Time		13.8		min.

								*Core Material Density		0.024		lb/in3												Total Roll Material Length		20735		ft.

								Shaft Load Capacity		1,510		lb.												Web Material Density		0.024		lb/in3

								Bearing Centers		90.000		in.												Dia. @ Shaft Capacity		32.5		in.

								Shaft Weight		54.0		lb.												Number of Rev's Above Capacity		754		rpm's

								Empty Shaft Deflection		0.009		in.												Deflection @ Full Speed		0.009		in.

								Modulus of Elasticity, E		30.0		106, psi												Critical Speed Safety Factor		1.46		(1.25 min.)

								I (shaft)		2.842		in4

								Core Material		Fiber

																Antique Finish				0.023		lb/in3				Newsprint		0.025		lb/in3

								* Typical Material Densities:								MachineFinish				0.034		lb/in3				Pulp		0.021		lb/in3										0.009		Reference Deflection Calc.

								Steel		0.283		lb/in3				Super Calendar				0.038		lb/in3				Glassine		0.050		lb/in3

								Aluminum		0.098		lb/in3				Coated 2 Sides				0.041		lb/in3				Grease Proof		0.037		lb/in3

								Plastic		0.045		lb/in3				Bond				0.029		lb/in3				Foil		0.098		lb/in3

								Fiber Core		0.024		lb/in3				Tissue Carbon				0.029		lb/in3				Film		0.032		lb/in3

																Kraft				0.024		lb/in3				Foil Paper		0.015		lb/in3

																										9 Pt. Corrug.				0.023		lb/in3						Overall length		251.625										pli		1.0

						Estimated time to pass through critical range:												0		Seconds																		Deflection Factor		1.000										tension force		76

																																						Supports		Simple				Roll:		Multi-slit				delta roll o.d.		2		Ncr Factor		0.8		1.2

																																						shaft wt between brg c-c		19.3				web speed		1500				nip force		0		nipx		76

																																						brg c-c		90.000				core gap		0.062				nip loc.		0.00		nipy		0

																																						Web		76.000				a		7				resultant nip + shaft		78		total-y		19

																																				Web Speed		Roll O.D.		Roll Wt.		Total Wt		Shaft Wt Def + Nip		Roll Wt Def		Total Def (center)		Total def (roll end)				Limited @ center		Cant' Defl		Max Defl		Crit.Speed				Max Ncr		Max FPM		Shaft RPM

																																				1500		4.0		10		29		0.009		0.001		0.010		0.009				0.010		0.000		0.010		2098		2517		1678		1757		1432

																																				1500		4.0		10		29		0.009		0.001		0.010		0.009				0.010		0.000		0.010		2098		2517		1678		1757		1432

																																				1500		6.0		39		58		0.009		0.004		0.013		0.009				0.013		0.000		0.013		1827		2193		1462		2296		955

																																				1500		8.0		79		99		0.009		0.009		0.018		0.010				0.018		0.000		0.018		1580		1896		1264		2647		716

																																				1500		10.0		131		151		0.009		0.015		0.024		0.011				0.024		0.000		0.024		1373		1647		1098		2875		573

																																				1500		12.0		195		214		0.009		0.022		0.031		0.011				0.031		0.000		0.031		1204		1445		963		3026		477

																																				1500		14.0		270		289		0.009		0.030		0.039		0.012				0.039		0.000		0.039		1068		1281		854		3130		409

																																				1500		16.0		357		376		0.009		0.040		0.049		0.013				0.049		0.000		0.049		956		1147		765		3203		358

																																				1500		18.0		455		474		0.009		0.051		0.060		0.014				0.060		0.000		0.060		864		1037		691		3257		318

																																				1500		20.0		565		584		0.009		0.063		0.072		0.016				0.072		0.000		0.072		787		944		630		3297		286

																																				1500		22.0		686		705		0.009		0.076		0.085		0.017				0.085		0.000		0.085		722		867		578		3327		260

																																				1500		24.0		819		838		0.009		0.091		0.100		0.018				0.100		0.000		0.100		667		800		533		3351		239

																																				1500		26.0		963		983		0.009		0.107		0.116		0.020				0.116		0.000		0.116		619		743		495		3370		220

																																				1500		28.0		1119		1139		0.009		0.125		0.134		0.022				0.134		0.000		0.134		577		693		462		3385		205

																																				1500		30.0		1287		1306		0.009		0.143		0.152		0.024				0.152		0.000		0.152		541		649		433		3397		191

																																				1500		32.0		1466		1485		0.009		0.163		0.172		0.026				0.172		0.000		0.172		508		610		407		3407		179

																																				1500		34.0		1657		1676		0.009		0.184		0.193		0.028				0.193		0.000		0.193		480		576		384		3416		169

																																				1500		36.0		1859		1878		0.009		0.207		0.216		0.031				0.216		0.000		0.216		454		545		363		3423		159

																																				1500		38.0		2073		2092		0.009		0.231		0.240		0.033				0.240		0.000		0.240		431		517		345		3429		151

																																				1500		40.0		2298		2317		0.009		0.256		0.265		0.036				0.265		0.000		0.265		410		492		328		3435		143

																																				1500		42.0		2535		2554		0.009		0.282		0.291		0.038				0.291		0.000		0.291		391		469		313		3439		136

																																				1500		44.0		2783		2803		0.009		0.310		0.319		0.041				0.319		0.000		0.319		374		448		299		3443		130

																																				1500		46.0		3043		3063		0.009		0.339		0.348		0.044				0.348		0.000		0.348		358		429		286		3447		125

																																				1500		48.0		3315		3334		0.009		0.369		0.378		0.047				0.378		0.000		0.378		343		412		275		3450		119

																																				1500		50.0		3598		3617		0.009		0.401		0.410		0.051				0.410		0.000		0.410		330		396		264		3452		115

																																				1500		52.0		3893		3912		0.009		0.433		0.442		0.054				0.442		0.000		0.442		317		381		254		3455		110

																																				1500		54.0		4199		4218		0.009		0.467		0.476		0.058				0.476		0.000		0.476		306		367		245		3457		106

																																				1500		56.0		4517		4536		0.009		0.503		0.512		0.061				0.512		0.000		0.512		295		354		236		3459		102

																																				1500		58.0		4846		4865		0.009		0.540		0.549		0.065				0.549		0.000		0.549		285		342		228		3461		99

																																				1500		60.0		5187		5206		0.009		0.577		0.586		0.069				0.586		0.000		0.586		276		331		220		3462		95

																																				1500		62.0		5539		5559		0.009		0.617		0.626		0.073				0.626		0.000		0.626		267		320		213		3464		92

																																				1500		64.0		5903		5923		0.009		0.657		0.666		0.077				0.666		0.000		0.666		259		310		207		3465		90

																																				1500		66.0		6279		6298		0.009		0.699		0.708		0.082				0.708		0.000		0.708		251		301		201		3466		87

																																				1500		68.0		6666		6685		0.009		0.742		0.751		0.086				0.751		0.000		0.751		243		292		195		3467		84

																																				1500		70.0		7065		7084		0.009		0.787		0.796		0.091				0.796		0.000		0.796		237		284		189		3468		82

																																				1500		72.0		7475		7494		0.009		0.832		0.841		0.096				0.841		0.000		0.841		230		276		184		3469		80

																																				1500		74.0		7897		7916		0.009		0.879		0.888		0.101				0.888		0.000		0.888		224		269		179		3470		77

																																				1500		76.0		8330		8349		0.009		0.927		0.936		0.106				0.936		0.000		0.936		218		262		174		3471		75



Required from Engineering:
1.  Est. Shaft weight
2.  Moment of inertia
3. Shaft load capacity

&CFile: &F.xls

&LTab: &A&C&D

Enter LOA

Enter PLI if different than 1.0

Input engineering deflection variable

Input I value from engineering beam2D calc. for body

Input estimated self weight from engineering beam 2D calc
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Master

		Quote Assumptions						Shaft Cost						Accessory Cost

		Quote Number:						Material						Bearing Assemblies - Standard

		Quantity:		1				Body Tube:		$3,563				Quantity per shaft:		2

		Shaft Type:		860 GM				Body bore:		$3,113				Material:		0

		Face Length:		273				Journals:		$1,949				Labor Hours:		0.0

		Spool Diameter:		12				Heads:		$300				Total Cost Each:		$1,248

		Body Material:		Wrought/Bored Tube				Heat Treatment:		$0				Total Cost Per Shaft:		$2,495

		Journal Material:		Forging				All other material:		$1,425				Book List Price Each:		$2,495

		Balance Spec:		G2.5 Balance				Total Material Cost:		$10,350				Total Per Shaft:		$4,990

		Brake/Drive Hub:		No

		Shaft Puller:		Yes				Labor Hours						Brake/Drive Hubs - Standard

		Other:						Assembly:		12.0				Quantity per shaft:		1

								Body:		61.0				Material:		$0

		Reference Data						Bore body:		0.0				Labor Hours:		0.0

		Target Pure Margin:		50%				Journals:		22.0				Heat Treat Cost:		$0

		Labor rate per hour:		$67				Misc. machining:		5.0				Total Cost Each:		$750

		Bearing/Hub Ass'y Per Shaft:		2				Set up:		2.0				Total Cost Per Shaft:		$750

		Actual Cost - Reference SO AK980:		$20,913				Balance:		16.0				Book List Price Each:		$1,500

		ACIPCO Tube Cost:		N/A				Total Labor hours:		118.0				Total Per Shaft:		$1,500

		ACIPCO Lead Time:		N/A

		Forging lead time:		6 weeks				Total Shaft Cost:		$18,256				Puller

		Wrought Tube Cost:		N/A				List Price Each:		$36,512				Quantity per shaft:		1

		Wrought Tube Lead Time:		N/A										Material:		$0

								Total Accessory Cost:		$3,245				Labor Hours:		0.0

		Incidental Costs						Total Accessory Pricing:		$6,490				Heat Treat Cost:		$0

		Freight - FOB Camas:		$0										Total Cost Each:		$0

		Crating Cost:		$0				Price Summary						Total Cost Per Shaft:		$0

		Economy Packaging Cost:		$0				Total Assembly Cost:		$21,501				List Price Each:		$0

		Tooling Cost:		$0				Gross Price Each:		$43,002				Total Per Shaft:		$0

		Total Incidental Costs:		$0				Discount 1:		0.0%

		Chargeable Incidental Costs:		$0				Discount 2:		0.0%				Other

								Net Price Each:		$43,002				Quantity:		1

								Pure Margin:		50.0%				Material:		0

								Standard Margin:		50.0%				Labor Hours:		0.0

								Total Quote Net Price:		$43,002				Heat Treat Cost:		$0

								Price does not include shipping/handling, spare parts kit or commissioning visit.						Total Cost Each:		$0

														Total Cost Per Shaft:		$0

														List Price Each:		$0

														Total Per Shaft:		$0

		Reference: AK980

		Shaft Cost:		18448

		Bearings:		2465

		Total Cost:		20913



&C&A

&L&F&R&D

Yes/No

Yes/No

Bar Stock/Forgings

8"-10" = 50%
11"-15" = 52%
16"-20" = 55%

OEM = 4% more than standard

Costs for one shaft only.

Review with Product, Customer Service or Manufacturing Manager prior to charging.

Comments:



Critical Values

		Paper Machine #

		Description		Value

		Shaft deflection with core only (in.):		0.008

		Shaft deflection under (max load) lb. load (in.):		0.040

		Calculated critical speed of shaft with core (rpm):		836

		85% of calculated critical speed (rpm):		711

		115% of calculated critical speed (rpm):		961

		Maximum recommended load capacity (lbs):		7700

		Maximum stress (psi):		8869





Critical Speed cp. Roll Cycle

		

										Acceleration & Critical Speed

																																								115% Ncr=		3.322

						Basis Wt.		Tissue				Customer:		Reference														Initials:		SC										85%Ncr=		4.494

								(# per 3000 ft2 )																																D1=		3.307

										INPUTS						860-GM				Center Rewind						RESULTS														D2=		4.474

								Core I.D:		3.000		in.												Roll O.D. @ Full Speed		4.00		in.

								Core O.D.:		4.000		in.												RPM's @ Full Speed		1432		rpm												Time =		4.75		seconds

								Max. Web Width		76.000		in												Acceleration Time		10.0		sec

								Wt. of parent roll w/o shaft:		2298		lb.												Material Length @  Full Speed		125.0		ft

								Diameter of parent roll:		40.000		in.												Roll Weight @ Full Speed		23.8		lb.

								Paper machine speed:		1500		fpm												(Core Weight)		10.0		lb.

								Acceleration Rate		150		fpm/sec												(Mat'l Weight)		13.8		lb.

								Mat'l Thickness		0.005		in.												Total Roll Wind Time		13.8		min.

								*Core Material Density		0.024		lb/in3												Total Roll Material Length		20735		ft.

								Shaft Load Capacity		3,615		lb.												Web Material Density		0.024		lb/in3

								Bearing Centers		90.000		in.												Dia. @ Shaft Capacity		50.1		in.

								Shaft Weight		90.0		lb.												Number of Rev's Above Capacity		0		rpm's

								Empty Shaft Deflection		0.018		in.												Deflection @ Full Speed		0.018		in.

								Modulus of Elasticity, E		30.0		106, psi												Critical Speed Safety Factor		1.05		(1.25 min.)

								I (shaft)		1.971		in4

								Core Material		Fiber

																Antique Finish				0.023		lb/in3				Newsprint		0.025		lb/in3

								* Typical Material Densities:								MachineFinish				0.034		lb/in3				Pulp		0.021		lb/in3										0.018		Reference Deflection Calc.

								Steel		0.283		lb/in3				Super Calendar				0.038		lb/in3				Glassine		0.050		lb/in3

								Aluminum		0.098		lb/in3				Coated 2 Sides				0.041		lb/in3				Grease Proof		0.037		lb/in3

								Plastic		0.045		lb/in3				Bond				0.029		lb/in3				Foil		0.098		lb/in3

								Fiber Core		0.024		lb/in3				Tissue Carbon				0.029		lb/in3				Film		0.032		lb/in3

																Kraft				0.024		lb/in3				Foil Paper		0.015		lb/in3

																										9 Pt. Corrug.				0.023		lb/in3						Overall length		100.000										pli		1.0

						Estimated time to pass through critical range:												5		Seconds																		Deflection Factor		1.000										tension force		76

																																						Supports		Simple				Roll:		Multi-slit				delta roll o.d.		2		Ncr Factor		0.8		1.2

																																						shaft wt between brg c-c		81.0				web speed		1500				nip force		0		nipx		76

																																						brg c-c		90.000				core gap		0.062				nip loc.		0.00		nipy		0

																																						Web		76.000				a		7				resultant nip + shaft		111		total-y		81

																																				Web Speed		Roll O.D.		Roll Wt.		Total Wt		Shaft Wt Def + Nip		Roll Wt Def		Total Def (center)		Total def (roll end)				Limited @ center		Cant' Defl		Max Defl		Crit.Speed				Max Ncr		Max FPM		Shaft RPM

																																				1500		4.0		10		91		0.018		0.002		0.020		0.018				0.020		0.000		0.020		1507		1808		1205		1262		1432

																																				1500		4.0		10		91		0.018		0.002		0.020		0.018				0.020		0.000		0.020		1507		1808		1205		1262		1432

																																				1500		6.0		39		120		0.018		0.006		0.024		0.019				0.024		0.000		0.024		1355		1626		1084		1703		955

																																				1500		8.0		79		160		0.018		0.013		0.031		0.019				0.031		0.000		0.031		1203		1444		963		2016		716

																																				1500		10.0		131		212		0.018		0.021		0.039		0.020				0.039		0.000		0.039		1067		1281		854		2235		573

																																				1500		12.0		195		276		0.018		0.031		0.049		0.021				0.049		0.000		0.049		950		1140		760		2388		477

																																				1500		14.0		270		351		0.018		0.043		0.061		0.023				0.061		0.000		0.061		852		1022		682		2498		409

																																				1500		16.0		357		438		0.018		0.057		0.075		0.024				0.075		0.000		0.075		769		923		615		2577		358

																																				1500		18.0		455		536		0.018		0.073		0.091		0.026				0.091		0.000		0.091		699		839		559		2636		318

																																				1500		20.0		565		646		0.018		0.091		0.109		0.027				0.109		0.000		0.109		640		768		512		2681		286

																																				1500		22.0		686		767		0.018		0.110		0.128		0.029				0.128		0.000		0.128		589		707		472		2716		260

																																				1500		24.0		819		900		0.018		0.131		0.149		0.032				0.149		0.000		0.149		546		655		437		2743		239

																																				1500		26.0		963		1044		0.018		0.155		0.173		0.034				0.173		0.000		0.173		508		609		406		2765		220

																																				1500		28.0		1119		1200		0.018		0.180		0.198		0.037				0.198		0.000		0.198		475		569		380		2783		205

																																				1500		30.0		1287		1368		0.018		0.207		0.225		0.040				0.225		0.000		0.225		445		534		356		2797		191

																																				1500		32.0		1466		1547		0.018		0.235		0.253		0.042				0.253		0.000		0.253		419		503		335		2809		179

																																				1500		34.0		1657		1738		0.018		0.266		0.284		0.046				0.284		0.000		0.284		396		475		317		2819		169

																																				1500		36.0		1859		1940		0.018		0.298		0.316		0.049				0.316		0.000		0.316		375		450		300		2828		159

																																				1500		38.0		2073		2154		0.018		0.333		0.351		0.053				0.351		0.000		0.351		356		428		285		2835		151

																																				1500		40.0		2298		2379		0.018		0.369		0.387		0.056				0.387		0.000		0.387		339		407		271		2842		143

																																				1500		42.0		2535		2616		0.018		0.407		0.425		0.060				0.425		0.000		0.425		324		388		259		2847		136

																																				1500		44.0		2783		2864		0.018		0.447		0.465		0.065				0.465		0.000		0.465		309		371		248		2852		130

																																				1500		46.0		3043		3124		0.018		0.489		0.507		0.069				0.507		0.000		0.507		296		356		237		2856		125

																																				1500		48.0		3315		3396		0.018		0.532		0.550		0.073				0.550		0.000		0.550		284		341		228		2860		119

																																				1500		50.0		3598		3679		0.018		0.578		0.596		0.078				0.596		0.000		0.596		273		328		219		2863		115

																																				1500		52.0		3893		3974		0.018		0.625		0.643		0.083				0.643		0.000		0.643		263		316		211		2866		110

																																				1500		54.0		4199		4280		0.018		0.674		0.692		0.088				0.692		0.000		0.692		254		304		203		2868		106

																																				1500		56.0		4517		4598		0.018		0.725		0.743		0.093				0.743		0.000		0.743		245		294		196		2871		102

																																				1500		58.0		4846		4927		0.018		0.778		0.796		0.099				0.796		0.000		0.796		237		284		189		2873		99

																																				1500		60.0		5187		5268		0.018		0.833		0.851		0.105				0.851		0.000		0.851		229		275		183		2875		95

																																				1500		62.0		5539		5620		0.018		0.889		0.907		0.111				0.907		0.000		0.907		222		266		177		2876		92

																																				1500		64.0		5903		5984		0.018		0.948		0.966		0.117				0.966		0.000		0.966		215		258		172		2878		90

																																				1500		66.0		6279		6360		0.018		1.008		1.026		0.123				1.026		0.000		1.026		208		250		167		2879		87

																																				1500		68.0		6666		6747		0.018		1.070		1.088		0.129				1.088		0.000		1.088		202		243		162		2881		84

																																				1500		70.0		7065		7146		0.018		1.134		1.152		0.136				1.152		0.000		1.152		197		236		157		2882		82

																																				1500		72.0		7475		7556		0.018		1.200		1.218		0.143				1.218		0.000		1.218		191		229		153		2883		80

																																				1500		74.0		7897		7978		0.018		1.268		1.286		0.150				1.286		0.000		1.286		186		223		149		2884		77

																																				1500		76.0		8330		8411		0.018		1.337		1.355		0.157				1.355		0.000		1.355		181		218		145		2885		75



&CFile: &F.xls

&LTab: &A&C&D

Enter LOA

Enter PLI if different than 1.0

Input engineering deflection variable

Input I value from engineering beam2D calc. for body

Input estimated self weight from engineering beam 2D calc



Critical Speed cp. Roll Cycle

		



Critical Speed

Shaft Speed

120% Critical Speed

80% Critical Speed

Roll O.D. (inches)

Speed (rpm)

Critical and Shaft Speed cp. Roll O.D.



Critical Speed cp. Roll Cyc (2)

		

										Acceleration & Critical Speed

																																								115% Ncr=		3.322

						Basis Wt.		Tissue				Customer:		Reference														Initials:		SC										85%Ncr=		4.494

								(# per 3000 ft2 )																																D1=		2.375

										INPUTS						860-GM				Center Rewind						RESULTS														D2=		3.213

								Core I.D:		3.000		in.												Roll O.D. @ Full Speed		4.00		in.

								Core O.D.:		4.000		in.												RPM's @ Full Speed		1432		rpm												Time =		0.00		seconds

								Max. Web Width		76.000		in												Acceleration Time		10.0		sec

								Wt. of parent roll w/o shaft:		2298		lb.												Material Length @  Full Speed		125.0		ft

								Diameter of parent roll:		40.000		in.												Roll Weight @ Full Speed		23.8		lb.

								Paper machine speed:		1500		fpm												(Core Weight)		10.0		lb.

								Acceleration Rate		150		fpm/sec												(Mat'l Weight)		13.8		lb.

								Mat'l Thickness		0.005		in.												Total Roll Wind Time		13.8		min.

								*Core Material Density		0.024		lb/in3												Total Roll Material Length		20735		ft.

								Shaft Load Capacity		1,510		lb.												Web Material Density		0.024		lb/in3

								Bearing Centers		90.000		in.												Dia. @ Shaft Capacity		32.5		in.

								Shaft Weight		54.0		lb.												Number of Rev's Above Capacity		754		rpm's

								Empty Shaft Deflection		0.009		in.												Deflection @ Full Speed		0.009		in.

								Modulus of Elasticity, E		30.0		106, psi												Critical Speed Safety Factor		1.46		(1.25 min.)

								I (shaft)		2.842		in4

								Core Material		Fiber

																Antique Finish				0.023		lb/in3				Newsprint		0.025		lb/in3

								* Typical Material Densities:								MachineFinish				0.034		lb/in3				Pulp		0.021		lb/in3										0.009		Reference Deflection Calc.

								Steel		0.283		lb/in3				Super Calendar				0.038		lb/in3				Glassine		0.050		lb/in3

								Aluminum		0.098		lb/in3				Coated 2 Sides				0.041		lb/in3				Grease Proof		0.037		lb/in3

								Plastic		0.045		lb/in3				Bond				0.029		lb/in3				Foil		0.098		lb/in3

								Fiber Core		0.024		lb/in3				Tissue Carbon				0.029		lb/in3				Film		0.032		lb/in3

																Kraft				0.024		lb/in3				Foil Paper		0.015		lb/in3

																										9 Pt. Corrug.				0.023		lb/in3						Overall length		251.625										pli		1.0

						Estimated time to pass through critical range:												0		Seconds																		Deflection Factor		1.000										tension force		76

																																						Supports		Simple				Roll:		Multi-slit				delta roll o.d.		2		Ncr Factor		0.8		1.2

																																						shaft wt between brg c-c		19.3				web speed		1500				nip force		0		nipx		76

																																						brg c-c		90.000				core gap		0.062				nip loc.		0.00		nipy		0

																																						Web		76.000				a		7				resultant nip + shaft		78		total-y		19

																																				Web Speed		Roll O.D.		Roll Wt.		Total Wt		Shaft Wt Def + Nip		Roll Wt Def		Total Def (center)		Total def (roll end)				Limited @ center		Cant' Defl		Max Defl		Crit.Speed				Max Ncr		Max FPM		Shaft RPM

																																				1500		4.0		10		29		0.009		0.001		0.010		0.009				0.010		0.000		0.010		2098		2517		1678		1757		1432

																																				1500		4.0		10		29		0.009		0.001		0.010		0.009				0.010		0.000		0.010		2098		2517		1678		1757		1432

																																				1500		6.0		39		58		0.009		0.004		0.013		0.009				0.013		0.000		0.013		1827		2193		1462		2296		955

																																				1500		8.0		79		99		0.009		0.009		0.018		0.010				0.018		0.000		0.018		1580		1896		1264		2647		716

																																				1500		10.0		131		151		0.009		0.015		0.024		0.011				0.024		0.000		0.024		1373		1647		1098		2875		573

																																				1500		12.0		195		214		0.009		0.022		0.031		0.011				0.031		0.000		0.031		1204		1445		963		3026		477

																																				1500		14.0		270		289		0.009		0.030		0.039		0.012				0.039		0.000		0.039		1068		1281		854		3130		409

																																				1500		16.0		357		376		0.009		0.040		0.049		0.013				0.049		0.000		0.049		956		1147		765		3203		358

																																				1500		18.0		455		474		0.009		0.051		0.060		0.014				0.060		0.000		0.060		864		1037		691		3257		318

																																				1500		20.0		565		584		0.009		0.063		0.072		0.016				0.072		0.000		0.072		787		944		630		3297		286

																																				1500		22.0		686		705		0.009		0.076		0.085		0.017				0.085		0.000		0.085		722		867		578		3327		260

																																				1500		24.0		819		838		0.009		0.091		0.100		0.018				0.100		0.000		0.100		667		800		533		3351		239

																																				1500		26.0		963		983		0.009		0.107		0.116		0.020				0.116		0.000		0.116		619		743		495		3370		220

																																				1500		28.0		1119		1139		0.009		0.125		0.134		0.022				0.134		0.000		0.134		577		693		462		3385		205

																																				1500		30.0		1287		1306		0.009		0.143		0.152		0.024				0.152		0.000		0.152		541		649		433		3397		191

																																				1500		32.0		1466		1485		0.009		0.163		0.172		0.026				0.172		0.000		0.172		508		610		407		3407		179

																																				1500		34.0		1657		1676		0.009		0.184		0.193		0.028				0.193		0.000		0.193		480		576		384		3416		169

																																				1500		36.0		1859		1878		0.009		0.207		0.216		0.031				0.216		0.000		0.216		454		545		363		3423		159

																																				1500		38.0		2073		2092		0.009		0.231		0.240		0.033				0.240		0.000		0.240		431		517		345		3429		151

																																				1500		40.0		2298		2317		0.009		0.256		0.265		0.036				0.265		0.000		0.265		410		492		328		3435		143

																																				1500		42.0		2535		2554		0.009		0.282		0.291		0.038				0.291		0.000		0.291		391		469		313		3439		136

																																				1500		44.0		2783		2803		0.009		0.310		0.319		0.041				0.319		0.000		0.319		374		448		299		3443		130

																																				1500		46.0		3043		3063		0.009		0.339		0.348		0.044				0.348		0.000		0.348		358		429		286		3447		125

																																				1500		48.0		3315		3334		0.009		0.369		0.378		0.047				0.378		0.000		0.378		343		412		275		3450		119

																																				1500		50.0		3598		3617		0.009		0.401		0.410		0.051				0.410		0.000		0.410		330		396		264		3452		115

																																				1500		52.0		3893		3912		0.009		0.433		0.442		0.054				0.442		0.000		0.442		317		381		254		3455		110

																																				1500		54.0		4199		4218		0.009		0.467		0.476		0.058				0.476		0.000		0.476		306		367		245		3457		106

																																				1500		56.0		4517		4536		0.009		0.503		0.512		0.061				0.512		0.000		0.512		295		354		236		3459		102

																																				1500		58.0		4846		4865		0.009		0.540		0.549		0.065				0.549		0.000		0.549		285		342		228		3461		99

																																				1500		60.0		5187		5206		0.009		0.577		0.586		0.069				0.586		0.000		0.586		276		331		220		3462		95

																																				1500		62.0		5539		5559		0.009		0.617		0.626		0.073				0.626		0.000		0.626		267		320		213		3464		92

																																				1500		64.0		5903		5923		0.009		0.657		0.666		0.077				0.666		0.000		0.666		259		310		207		3465		90

																																				1500		66.0		6279		6298		0.009		0.699		0.708		0.082				0.708		0.000		0.708		251		301		201		3466		87

																																				1500		68.0		6666		6685		0.009		0.742		0.751		0.086				0.751		0.000		0.751		243		292		195		3467		84

																																				1500		70.0		7065		7084		0.009		0.787		0.796		0.091				0.796		0.000		0.796		237		284		189		3468		82

																																				1500		72.0		7475		7494		0.009		0.832		0.841		0.096				0.841		0.000		0.841		230		276		184		3469		80

																																				1500		74.0		7897		7916		0.009		0.879		0.888		0.101				0.888		0.000		0.888		224		269		179		3470		77

																																				1500		76.0		8330		8349		0.009		0.927		0.936		0.106				0.936		0.000		0.936		218		262		174		3471		75



Required from Engineering:
1.  Est. Shaft weight
2.  Moment of inertia
3. Shaft load capacity

&CFile: &F.xls

&LTab: &A&C&D

Enter LOA

Enter PLI if different than 1.0

Input engineering deflection variable

Input I value from engineering beam2D calc. for body

Input estimated self weight from engineering beam 2D calc



Critical Speed cp. Roll Cyc (2)

		



Critical Speed

Shaft Speed

120% Critical Speed

80% Critical Speed

Roll O.D. (inches)

Speed (rpm)

Critical and Shaft Speed cp. Roll O.D.



Required from Engineering:
1.  Est. Shaft weight
2.  Moment of inertia
3. Shaft load capacity



Shaft or chuck torque is created by 
pneumatic or mechanical force

Pneumatic/Mechanical 
Tangential Force



This can result in significant 
core deformation



Core deformation can lead to vibration



Core deformation can lead to tension 
defects



360° support minimizes core 
deformation



Minimize core deformation by 
supporting more surface of the roll/core



Center-Surface Winding



Spiral Air Shafts for surface winders 
provide 360 degree support to the core



Spiral Air Shaft for surface winders



Eccentric Rotating Mass

Shaft bearing axis

Mass axis



The key is the manage or eliminate 
the eccentricity



Unbalance created by shaft/core 
clearance

Minimize gap to 
reduce eccentricity 
during winding



Tension effects in the web

Web tension increases and 
breaks or roll will wind tight 
causing radial stress leading 
to telescoping

Web tension decreases 
causing slack roll resulting 
in loose wind leading to 
telescoping or dishing



Multiple support points to the roll or core 
can significantly reduce eccentricity



Centering shafts position the core or 
roll concentric to the axis of the shaft 

before applying torque



Roll/Core Centering



Centering shafts reduce imbalance 
enabling higher line speeds



Centripetal force due to imbalance 
requires lower operating speeds



Centripetal force due to imbalance 
reduces throughput



Applying the TNTs of Winding with shafts that manage 
the gap between the core and the shaft results in 

good quality rolls run at optimal production speeds.
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