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ICF KAISER cuore, W-320-27-015

HANFORD COMPANY Revision No. /2/3
. DESIGN ANALYSIS Page No. / of 29
client WESTINGHOUSE HANFORD COMPANY WO/Job No. ER4319  fitename ~SSA-TEXT. WP
subject SUPPORT STRUCTURAL ANALYSIS Date 9/13/96 sy D.L.STONE
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106  Checked 10./3/96 8y N.J.JUPLO
Location C TANK FARM - 200 W. AREA Revised || /2.4 /97 By K, \'rif"{/'é& S
I CHED

OBJECTIVE:

The objective of this calculation is to perform the structural analysis of the Pipe Supports designed for
Slurry & Supernate transfer pipe lines in order to meet the requirements of Code ASME Code B31.3.

DESIGN INPUTS:

Design Criteria: -

1. ASME Code B31.3-93 with B31.3a-93 Addenda.

2. Uniforﬁn Building Code, 1991 Edition.

3. Functional Design Criteria WHC-SD-W320-FDC-001, Rev78{ N
at ' T

DESIGN METHODOLOGY:

Support Design Loads:

The pipe support design loads are obtained from the piping stress calculations W320-27-14 {Ref.7) and
W320-27-15 (Ref.8). These loads are the total summation of the gravity, pressure, thermal and seismic
loads.

Since standard typical designs are used for each type of pipe support such as Y-Stop, Guide and Anchors,
each type of support is evaluated for the maximum loads to which this type of supports are subjected.
These loads are obtained from the AutoPipe analysis (Ref.7) and used to check the structural adequacy of
these supports. These loads are tabulated on Page 3.

Since the intermediate anchor is designed to serve as an anchor for both primary pipe and encasement
pipe, it is evaluated for the combined effect of the loads from the primary pipe (AutoPipe analysis) and
encasement pipe loads. The only Encasement pipe load this anchor will be subjected to is a thermal axial
load. This load is calculated on Page 3. In the event of earth quake, since anchor structure will move in
tandem with ground motion, it will not experience any seismic loads.

HNF-2474, Rev. 0, Page A4




ICF KAISER Cale No. W-320-27-015

HANFORD COMPANY Revision No. 22
DESIGN ANALYSIS Page No. J_ of 29
client WESTINGHOUSE HANFORD COMPANY Wo/Job No. ER4319  Filename SSA-TEXT. WP
Subject SUPPORT STRUCTURAL ANALYSIS Date 9/13/96 By D.L.STONE
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106  Checked 10/3 /96 8y N. J JUPLO
Location C TANK FARM - 200 W. AREA Revised 11/ 74/ 47 8y ¢ teLcse \ 3-‘\_
CHYD: B

STRUCTURAL ANALYSIS:

The structural analysis {(member stresses & weld stresses) is performed using the principles of statics
as illustrated in "Design of Welded structures” by Blodgett (Ref.b) & "Formulas for Stress and Strain"”
by Roark (Ref.6}.

The local stresses in the pipe wall due to welded attachments such as trunnions are computed based
on Bijilaard principles promulgated in WRC Bulletin 107 (Ref.10). The "POP" computer program
{Ref.11), a program based on WRC Bulletin, is used for computing the local stresses for Trunnion
attachment. The calculated pipe local stresses are added to corresponding pipe stresses obtained from
the AutoPipe analysis in order to satisfy the requirements of Code B31.3.

The base plates are analyzed using the moment of inertia method. The concrete anchors are qualified
based on criteria in SDC 4.2, Rev-0, (Ref.14). .

CALCULATIONS:

See pages 3 thru 16 for caiculations.
See Appendix-A for "POP" program results.

BREFERENCES:

ASME B31.3-93 Code and ASME B31.3.3a-93 Addenda for "Chemical and Petroleum Refinery".
Uniform Building Code, 1991 Edition.
Crane Technical Paper No: 410, 22nd Printing-1985.
AISC "Steel Construction Manual” 9th Edition.
"Design of Welded Structures™ by Blodgett, 8th Printing.
“Formulas for Stress and Strain” by Roark & Young, 5th Edition. Y
Calculation: W320-27-14,-Rex=0-"Encasement Pipe Stress Analysis”. fev. 5 /3\
Calculation: W320-27-13,-Rev-6-" Process Pipe Stress Analysis". Lev. 3
Pipe Support Detail Drawings: H-2-818548 sh 1 & 2 of 2, Rev-0

0.  WRC Bulletin no: 107, March 1979 "Local Stresses in Spherical and Cylindrical Shells due to

External Loadings" by K.R. Wichman, A.G.Hopper and J.L. Mershon.

11. Computer program "POP" (PIPE ON PIPE)} Version-O, Release Date: Feb 12, 1993. J
12, W-930-Project Specs: "WHC-SD-W320-FDC-001, Rev-;/" 4 1~\
13. . "Hand Book of Engmeermg Fundamentals” Third Edition by O. W. Eshback and M. Souders.

PPN REN

14. SDC 4.2, Rev- 0 Desxgn & Installation of Expansion Anchors” /5
(Now FO0W Pragiie = 134, 235.12.06 , € €5 of E 450 500 Aoncls 0[5) JEN
1
CONCILUSION:

The review of succeeding calculations indicates, pipe supports structures meet ASME Code B31.3
requirements. HNF-2474, Rev. 0, Page A-5
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ICF KAISER Cale. No. W-320-27-015
HANFORD COMPANY Revision No. 2
DESIGN ANALYSIS Page No. 3 of 29
Client WESTINGHOUSE HANFORD CO. WO/Job No. ER4319  Filename FORCES.XLS
Subject PROJECT W-320 WASTE RETRIEVAL Date 9/13/96 By D.L.STONE
for Tank 241-C-106 Support Structural Analysis Checked to/o3(%e By d.d.JdueLd
Location C TANK FARM 200 EAST AREA Revised By
SLURRY LINE From Autopipe Analysis for Inner Process Pipe {Ref. 8)
(Ref. W320-27-013 Appdx. A) FORCES {Ib} MOMENTS {ft-Ib)
Anchor Node X y z X y z
A39 508 259 688 88 273 362
Guide Node X y z X Cy Z
AO1 0 514 1218 / / /
Incline Node X Y 4 X y z
A74 283 / / /
SUPERNATE LINE
(Ref. W320-27-013 Appdx. B) FORCES {Ib) MOMENTS (ft-Ib)
Anchor Node X y z X Y z
A39 422 259 612 88 227 362
Guide Node X y z X y z
A4l 670 632 670
incline Node X y z X y z
A25 288 ! / !
ENCASEMENT PIPE AXIAL LOADS FOR INTERMEDIATE ANCHOR {Ref. 7}
(Ref. W320-27-013 Appdx. ) FORCES {Ib} MOMENTS (ft-Ib)
Thermal Node X y 2 X y z
Loads A49 3844 *

* Note: Where Encasement Pipe segments on on either side of anchors are equal, axial friction forces at the
anchor are equal in magnitude and opposite in direction, resulting in zero axial load on the anchors.
The maximum difference between pipe segment lengths on either side of an anchor occurs at Node A49.

Axial load at A48:

AL =

F=
13.82 23.18

Fz = FxAL =
3844.1712

A48

)

/| 67"

80.83' I

HNF-2474, Rev. 0, Page A6
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ICF KAISER

HANFORD COMPANY

Client: ~ WESTINGHOUSE HANFORD COMPANY
Subject: PROJECT W-320 WASTE RETRIEVAL Date:
PIPE SUPPORT STRUCTURAL ANALYSIS

DESIGN ANALYSIS

Location: C TANK FARM - 200 EAST AREA HANFORD Revised:

WO/Job No.: ER4319
9/13 / 96
Checked: 103/02 /91,

Cale. No:  W-320-27-015

Revision No.: 2
Page No.: 4 of

Filename: SA-01.mcd
By: D.L.STONE

By: 3. J. SUPLD
By:

DEAD WEIGHT SUPPORT ANALYSIS

(Details 2and 4 Ref.9)

The purpose of this calculation is to determine a minimum plate thickness required for the
Process Pipe Dead Weight Support. ’

Static bending analysis to determine maximum allowable stress for a minimum plate thickness.

Worst case loadings determined from Autopipe analysis.

ASTM A36
S, = 16900- psi

Fy = 286-1bf

b:=3.3125in

d:=3in

b
M‘_FY'Z

M =236.844 Ibf-in

t:= 0.25-in

X

¢=0.125-in
3
. (dg_)
12
. 4
1=0.004 +in
M-

SBpL =T

o ppr, =7.579-10° -psi

(See Page 3)
Plate Material (Ref. 9)
Code B31.3 Allowable Stress
at 200 deg F (Ref. 1)

Worst case loading for
Process Pipe Dead Weght Support.

Design width of support plate. (Ref. 9)
(Simple support beam span - conservative)

Plate Length
Fy

Moment at Fy (Ref. 5) vL

| O ———

T

Design thickness of support plate.

“Distance between centroid and outerfiber.

Moment of Inertia of the plate

Calculated bending stress at F y

HNF-2474, Rev. 0, Page A-7

(Ref.5)
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ICF KAISER

HANFORD COMPANY

Client: 'WESTINGHOUSE HANFORD COMPANY

DESIGN ANALYSIS |

Subject: PROJECT W-320 WASTE RETRIEVAL Date:

PIPE SUPPORT STRUCTURAL ANALYSIS
Location: C TANK FARM - 200 EAST AREA HANFORD

Revised:

WO/Job No.: ERA4319

9/13 7 986

Checked: {0 /03 /%6

Calc. No.:
Revision No.: 2
Page No.: 5 of

By: D.L.STONE
By: +d. 3 . JUPLD
By:

O = 1338y,

041 =2.24810" psi

(Ref.1) .
Allowable stress for ASTM A-36 Plate '
Governing Equation (Ref.5)
Minimum required plate thickness.
Design Thickness (Ref.9)

1/4" Plate is adequate for worst case loadings.

HNF-2474, Rev. 0, Page A-8

W- 320- 27-015
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ICF KAISER Calo,No.:  W-320-27-015

HANFORD COMPANY : Reddinoz 23 o
DESIGN ANALYSIS Page No. of
Client: WESTINGHOUSE HANFORD COMPANY WO/Job No.: ER4319
Subject: PROJECT W-320 WASTE RETRIEVAL Date: 9/13 1/ 96 By: D.L.STONE
PIPE SUPPORT STRUCTURAL ANALYSIS Checked: 1&/02 /96  By: M. 4. JUuPLO 9
Location: C TANK FARM -200 EAST AREA HANFORD Revised: 1| /1,,[/517 By: )( }.'m{“& CHKD: ¢

WELD CALCULATIONS FOR JOINT BETWEEN LUGS-, ANDPRGGES&—PIPE—
Plate and Zucasesent Vise
WELD PROPERTIES:  (Ref.5)

As BuILT LuElD‘ Po¥ aNTeRMTTES

b= 3.313in d=3in | 54
b .
Cyi=> Cy =1.656+in
6-5(TIP Cz‘=g Comibir 0.5 m
Aw:=2d Aw =6in 2 1D
Swy = bd Swy =9:939-i B n
2 =
Sw :=d? Swz=3-m? O 23 W
r_,db(-a—bz‘rdz)
WE —Swr=26:964 1T
JOINT LG DS:
Tensile Fx=F, = 286 the Fy = 0-16f Fz = O-1bf
Moment  Mx = 0-inIbf My=M = D37 .1y Mz:=0inlbf
WELD STRESS:
0.5
fw = Fx+My MZZ+ ﬂ+—————I\/[X'Cy2+ E+MXCZZ i Iof
1 \aw Swy Swzf Aw Jw Aw Jw fw =7+-'4'96‘;
FILLET WELD SIZE REQUIRED: ’
. : /}\
S, = 16700-psi =
1.23%0.8% %) 1798! !
S = k26455, S=% +psi Allowable Weld Stress per ASME Code B31.3 (Ref. 1)
fw GROOVE ‘
W= S w = 0:80F1r Minimum Fitiet Weld Required
76T 0012
W Design <%m> Design Fillet Weld Size
9.6

W
= M SF g = ¥8:578 a.4 Design exceeds requirement by a factor of 48:5¢8~ - O_K
w : S

HNF-2474, Rev. 0, Page A-9




ICF KAISER
HANFORD COMPANY

DESIGN ANALYSIS
Client: ~ WESTINGHOUSE HANFORD COMPANY WOlJob No.:  ER4319
Subject: PROJECT W-320 WASTE RETRIEVAL Date:  9/13 / 96
PIPE SUPPORT STRUCTURAL ANALYSIS Checked: 10 /02 /A
Location: C TANK FARM - 200 EAST AREA HANFORD Revised:

Cale. No.:  W-320-27-015
Revision No.: 2

PageNo.. 7 of 29
Filename:  SA-03A.mcd

By: D.L. STONE

By: [URRIRNTIT SR .Y
By:

Process Pipe Guide Lug Design
Assumptions:

Lugs see Process Pipe Loads, only.

Each lug is subjected to total loading (conservative.)
Critical Process Pipe Loads located at Nodepoint A41 on
Autopipe Modet TRAN-SP are determined as critical.

Loads (See Page 3)

F = Olbf

Fy = 53?-1bf

Fx

Freo Fp - 0-Ibf

F, = {6707+ 670%1bf  F - 947.523-1bf

Longitudinal Force

Vertical Force

Horizontal Force

Longitudinal Loading

(Detail 3 Ref. 9)

(Ref.8)

Fz

Fp= Fy<c<>5(60'deg) +F sin60-degy  F p - 1087-10° “Ibf  Axial Loading

FS:Fy

Properties

Material: ASTM A240 TP 304L
84, = 16700-psi

L:=4in
w = 0.72:in

t:= 0.375-in

-sint 60-degy + F -cos( 60-deg,

F g - 934.487 -Ibf

(Ref. 9)

Shear Loading

Allowable Stress at 200 deg F (Ref.1)

Lug Length
Lug Width

Lug thickness

(Ref. 5)

Lug Area

HNF-2474, Rev. 0, Page A-10



ICF KAISER

Calc. No.:  W-320-27-015

HANFORD COMPANY Rt 2 2
DESIGN ANALYSIS age No.: °
Client: WESTINGHOUSE HANFORD COMPANY WO/Job No.: ER4319 Filename: SA-03A.mcd
Subject: PROJECT W-320 WASTE RETRIEVAL Date: 9/13 /96 By D.L. STONE
PIPE SUPPORT STRUCTURAL ANALYSIS Checked: to /03 /86  By: H.J dopLe
Location: C TANK FARM - 200 EAST AREA HANFORD Revisgd: By:
Iy 1—12-t3<L I =0.018-in* Moment of Area abouty  (Ref. 5)
1
1 -
I,= S I,=2 oin? Moment of Area about z
12
1 L Z > FS
Yy _ .3 )
zy=—= Zy =0.094-in Section Modulus
y F
Ay
1z .3 Section Modulus
Z,=— z,= 1-in
z -
Tension and Bending
F F §W
oy 0y =7.901-10° -psi
A (zy)
7
. _ . 04 el
S, = 1335y S oy =2.221410" -psi
oo =7901:10° psi < 8, =222110% psi (Ref. 1)

WELD CALCULATIONS FOR JOINT BETWEEN LUGS AND PROCESS PIPE:

WELD PROPERTIES: (Ref. 5)

Y
! b= 0.375in d=4-in
:=§ Cy=0.187-in
z d -
» cz=d Cz=2in
x/ Z = 2 Z
Aw = 2-d4 Aw =8+in
Swy = bd Swy =1.5+in”
2 2
Swz = ? Swz =5.333 «in’
2 2
Jw = a3’ ) bs +d ) Tw =10.948 +in®

HNF-2474, Rev. 0, Page A-11




ICF KAISER Calc. No.:  W-320-27- 015

HANFORD COMPANY : N 2 e
: DESIGN ANALYSIS Page No- of
Client: ~WESTINGHOUSE HANFORD COMPANY WO/Job No.: ER431% Filename:  SA-03A.mcd
Subject: PROJECT W-320 WASTE RETRIEVAL Date:  9/13 /96 sy D.L. STONE
PIPE SUPPORT STRUCTURAL ANALYSIS Checked: (0 /6% / 4C  By: M.d. JueLo
Location: C TANK FARM -200 EAST AREA HANFORD Revised: By:
JOINT LOADS:
Tensile Fx:=F Fy = 0-1bf Fz = O-Ibf
Moment Mx = O-ine 1bf My =F gw Mz := 0-in-Ibf
WELD STRESS:
/ 2 2 2108
Fx My Mz Fy MxCy Fz MxCz
fivis |l — e — ) [ —+ + =+ Ibf
Aw  Swy Swz, Aw Iw Aw Jw fw =584.376 ;
FILLET WELD S—IZE REQUIRED:
S, = 16700-psi
$:=12:0.758y 8 =1503-10" -psi Allowable Weld Stress per ASME Code B31.3 (Ref. 1)
fw . . " .
W= w =0.055+in Minimum Fillet Weld Required
0.707-S
w =2 ‘ Design Fillet Weld Size
Design ™ \1¢ 9
W Design . .
SF gy = ——=— SF g, =3.409 Design exceeds requirement by a factor of 3409 - OK
W . ;

PIPE LOCAL STRESSES DUE TO WELDED LUGS:

As is evident from above, since weld stresses are very low,
local stresses in pipe will be insignificant.

HNF-2474, Rev. 0, Page A-12



ICF KAISER

Calc. No.:  W-320-27-015

HANFORD COMPANY RevistonNoz ) 2
o DESIGN ANALYSIS Page No.: of 29
Client: WESTINGHOUSE HANFORD COMPANY WO/Job No.: ER4319 Filename: SA-07mcd
Subject: PROJECT W-320 WASTE RETRIEVAL Date: 9/13 / 96 By: D.L. STONE
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INTERMEDIATE ANCHOR: (Detail 1 Ref. 9) P
AUTOPIPE Loads for Process Pipe  (See Page 3) &‘5 MT g
F = 508:1bf M, = 88-flbf Pad 314" Thk Pad 3/4" Thk

F y= 259-1bf My 1= 273-felbf

F,=6881bf M, :=362f1bf

AUTOPIPE global axes oriented at
435 degree angle to pipe local axes.
PIPE LOADS at A

P:=F y

V ¢ = F ;-c0s(45-deg) + F y-cos(45-deg)

Vi =F ysin(45-deg) + F ,-sin(45 deg)

Me:= Mix-cos(45-deg) +M ,-cos(45-deg)

My = M ¢-sin(45-deg) + M ,-sin(45-deg)

F A = 3844-1bf

3.32" D
| Drain
| B 4% Pipe
4.68"
L ¢
« 1]
P =259 -Ibf Radial Load '
Vo =8457Ibf Circumferential Shear

Vi, =857 1bf Longitudinal Shear

M7 =3276+10° «inibf  Torsional Moment
M =3818-10° +inlof  Circumferential Moment
My, =3.818+10° «inlbf ~ Longitudinal Moment

Encased pipe Axiaj Load
{See page 3)

PIPE LOADS atB ' (Checking pipe local stresses and weld between pad and pipes.)

Pp:=P
Veg=Ve

VLB .=VL+FAL
MTB::MT

Meg =M+ (33240)-V

Py =259-1bf

V op =845.7-1bf
=4.69-10° 1ot

Vg =4.69-10° Ib

Mg =3.276+10 +inlbf

M cp =6.626+10° «inlbf

Mpg=Mp +(3.32in)Vyp HNF-2474, Rey 0, HaggoArdd -in Iof

Pa_ce a2
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PIPE LOADS at C  (Checking base plate and anchor bolts.)

Pe=P
¢ P =259-1bf
Vee=Ve V oo =845.7Ibf

Vic=VitFar Ve =4.6910° -Ibf

Mpe =My M =3276-10° -inIbf

Mee =M+ @i Ve M =105810* -inIof

Mpc=Mp+@inVic M =4134-10* -inlbf

TRUMION STRESSES:

Material: 4" Schedule 80 A 106 GR-B Pipe
A = 4.4G7-in? ) Area of metal of 4" pipe.
2= 4217-in° Section Modulus

.Fc MccrMic

opt ot %n =1237-10* -psi Tension and Bending
z

S, := 20000-psi

S 1338y Allowable Stress

o =123710" psi < 5, =266-10" -psi

Shear stresses are insignificant.

HNF-2474, Rev. 0, Page A-14
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WELD CALCULATIONS FOR TRUNION TO BASEPLATE JOINT:

WELD PROPERTIES:

d:=45in (Ref. 5)
d
Cy=- Cy=225+in
2
d
Ce=3 Cz=225¢in
Aw = md Aw =14.137+in
2
d
Swy = -’53— Swy = 15.904 +in’
Swz = Swy Swz =15.904 +in’
Jw s “'f : Jw =71.569 +ir°
JOINT LOADS at C:
Fx=P¢g Fy=Vic Fz:=V e
Fx =259 -1bf Fy =4.69-10° -Ibf Fz =845.7-Ibf
MX3=MTC My'=MCC MZi=MLC

Mx =3.276-10° +in-Ibf

My =1.058-10% in Ibf

Mz =4.134-10* -in-Tof

WELD STRESS;

Aw  Swy Swz Aw

2 2 2

FILLET WELD SIZE REQUIRED:
Sy, = 17800-psi

$:2120758y  §=1.602:10" -psi

fw

W=
0.707-8

w =0.293 -in

5.
W Design (E)m

w H
SF g, = — DY gp <1068
w

0.5

fw=3315-10° 2
m

(Ref. 5)

Jw Aw Jw

ALLOWABLE WELD STRESS PER CODE B31.3 for A36 Plate

(Ref. 1)
Minimum Fillet Weld Required
Design Fiillet Weld Size

HNF-248¢cRiv dkceBagordqlirement by a factorof 1.068 - OK

HNF-2474, Rev. 0
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WELD CALCULATIONS FOR JOINT BETWEEN PAD AND PIPES:;

Note: 1" gaps on top and bottom have been omitted to allow room to weld drain and vent. These gaps
are insignificant compared to the total weld length and are, therefore, not considered in the analysis.

WELD PROPERTIES:

d:=4.5in (Ref. 5)
d <

Cy = 5 Cy =2.25+in
d

Cz .= — Cz=2.25-in
2

Aw = 2:-(m-d) Aw =28274-in

2
Swy =2 <%) Swy =31.809 +in’

Swz = Swy Swz =31.809 +in”
3
w2 (ff—> Jw =143.139 +in®

JOINT LOADS atB:

Fx=Vip - Fy=Pp ' Fz=Vp

Fx=469"103 Ibf Fy =259 -1bf Fz =845.7 -1bf

Mx = Mg My = Mp Mz Myp

Mx =6‘626'103 «in-1bf My =3.276'103 i Jbf Mz = 1.939'104 «in-1bf
‘WELD STRESS:

Fx My Mz\? [Fy MxCy\ (Fz  MxCz\? o Iof
fv e | | oY 22 (DY VXY +<_+—) fiw =895.75 - (Ref. 5)
Aw  Swy Swz Aw  Jw Aw Iw in
FILLET WELD SIZE REQUIRED:
S 1, = 16700-psi ALLOWABLE WELD STRESS PER CODE B31.3 (Ref. 1)
. for A312 TP306 Pipe ’
$=12-0.75-8y, S =1.503-10" -psi (Ref. 1)
e w =0.084 +in Minimum Fillet Weld Required
0.707-8
W Design <-1§g>m Design Fillet Weld Size
W Desi HNF-2474, Rev. 0, Page A-16
SF g = _ Uesign op fy =2.224 Design exceeds requirement by a factor of 2.224 - OK
w
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BASE PLATE ANALYSIS:
v DIMENSIONS:
| < .
-— b b.=7.75in B =9%in
|
- - - 5 H
Z f— d:=11.75in D:=13in
1:'/ a1
L/

_r__ ¢c:=7in ti= lin Plate Thickness

%:=4.5in z:=4.5in Attachment Diam.

X T T 2 (circular)
- G;’*z d p Bl=br s+ 2t bl =12-in

X .
[ dl .-c+5+2~t dl =11.25-in

e B —]

d2:=d+dl d2 =23-in
LOADS @ ATTACHMENT "A1":  (See Page 11)
Fxl:=P ¢ Fyl =V ¢ Fzl = Ve
Fx1 =259 -1bf Fyl =845.7-Iof Fzl =4.69-10° -Ibf
Mxl = M Myt = My o Mzl = M o
Mxl =3.276:10° inIbf Myl =4.134+10" +inIbf Mzl =1.058-10" -in-Ibf
LOADS @ ATTACHMENT "A2":
Fx2:=P ¢ Fy2:=V e Fz2:= Vi
Fx2 =259 Ibf Fy2 8457 -Iof Fz2 =4.69-10° -Ibf
Mx2 = M ¢ My2 =My Mz2 = Mee
Mx2 =3.276-10° in1bf My2 =4.134-10% «in1bf Mz2 =1.058-10° -in1bf
LOADS @ CENTROID OF BOLT PATTEREN:
Fx = Fxl +Fx2 Fx=518-1bf
Fy = Fyl + Fy2 Fy =1.691-10° -Ibf
Fz:= Fzl « F22 Fz=9379-10° -Ibf
Mx = Mx1 + Mx2 + ¢ (Fzl + F22) Mx =7.221+10% «in:Ibf
My = Myl + My2 My =8.267-10" -in-Ibf
Mz = Mzl + Mz2 + o(Fx1 + FxEINF-2474, Rev. 0, MPab 910" -in-Ibf HNF-2474, Rev. 0

Page A-17
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PIPE SUPPORT STRUCTURAL ANALYSIS Checked: {0 / 83 /96 By: AN SueLo
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BOLT TENSION & SHEAR:

Fx My Mz

N0 AP L T =2745:10° +1bf
6 3bl 2dl+2d

S =3.247-10° -Ibf

BOLT INTERACTION (1) - BOLT SIZE & EMBEDMENT:

A =0462 Tensile Stress Area for 7/8 Diam. Bolt (Ref. 4)

Sh:= 13700 Allowable Tensile stress for A307 Bolts Ref. AISC
at 200°F, Pg.4-3

Ta:=133-A ySh Ta=8.418-10° TENSION Allowable

Sa = 1.33-A ;-0.8-Sh Sa =6.734+10° SHEAR Allowable

T S8

8y, := 17800-pst

Oy = 1338y

ob =1.51-10* -psi

0 4 =2.367-10" -psi

4 .
< 0,y =2367-10" -psi

For A36 Plate

Code B31.3 Allowable

(Ref. 1)

= o + § 1=0808-1bf < 1.0 BOLTS ARE ACCEPTABLE
BASE PLATE STRESS:
Mb = 3-T- (b - %) Mb =4.529-10* ~inInf Maximum Bending Moment on Plate  (Ref. 5)
FZ = itz Z=3 'in3
6
ob = EME ob =151:10" psi Maximum Bending Stress

MAXIMUM STRESS LEVEL ACCEPTABLE

HNF-2474, Rev. 0, Page A-18
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TOTAL PIPE STRESSES
Includes local pipe stresses due to welded trunion. Assumes the same stress state in the process and
encasement pipe due to the trunion.

- - 3 v
" Process Pipe: (ASTN A3Z12 TP304 LD g}\ =5, = 16700 P>
Max Sustained Stress (Autopipe, Ref. 8) 8128 psi
Rppdy - A ?03’* 16,
Local Stress (Sus. + Ther. + Occ.) 7813 psi
(From [POP’, Pg. 6, Appdx A) Total 15941 psi < 16700 psi allowable

Max Displacement Stress (Autopipe, Ref. 8) 16758 psi

Local Stress 7813 psi
Total 24571 pst < 25050 psi allowable

::i: \-2'—55)\ +0.25 ‘Scj

Max Occasional Stress (Autopipe, Ref. 8) 13427 psi
Afpdx-f\ ’Faz[}l fod

Local Stress 7813 psi

Total 21240 psi < 22211 psi aIIowabIe:( 1«33 S}\ \

P

Note: The allowable stress exceeds two-thirds of yield strength at temperature (Ref. B31.3 Para 302.3.6(a) and should be reduced
slightly. However, the actual stresses at the intermediate anchor points are significantly less than the max occasional stress used here,
therefore this is acceptable.

T es .t w9 ' N - !

Encasement Pipe: ( ASTM AB3 el -n WR B S\ = 20000 pe
Max Sustained Stress (STAB, Ref. 7) 1922 psi
Local Stress 7813 psi

Total 9735psi < 20000 psi allowable CS)\ D)

Max Displacement Stress (STAB, Ref. 7) 23800 psi
CToge-ro & du doles)
Local Stress 7813 psi
N Total 31613 psi < 40265 psi allowable

Note: allowable = 1.25(20000 psi + 20000 psi) - 9735 psi = 40265 psi (Ref. B31.3)

Max Occasional Stress (STAB, Ref. 7) 5904 psi
Local Stress : 7813 psi

Total 13717 psi < 26600 psiallowable (.33 S

HNF-2474, Rev. 0, Page A-19
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Subject Ten /<r.>( toes = Cove. ot [ - By { ~l D Enotind
- Checked 5/“u 32 b\g» B

Location /CG Fo Revised By ’

l

Devlefmma the Reslccea Rez/uued \\/\ ‘\\a. Cowavede Rase Kr\or‘

‘FO\‘V\S ’CY_ .'.’%;

S;D¢¥<rmme F size 0? Soo-\w\ﬁ, 15 Cdeﬁ”"“& Jro reS\b\— \/\AO\/&W\QV\'\"

P, R0l ee (\N\FM@ e, Hred 5%( l\/\é‘

Fx=2 (905 b} = e10 bs Mx=2(79850)=19700 1w (b
=18 b SIS G

Fy= 2(259 /6j= 618 i My = 2((,8\0>+2(47521)<7;,;§.
=0.52 P’,/S \80/60 /‘/

=80.2 i ;LI/DS
Fz= 2(4752) = 9504/55 .

= "\(o G sa fas 1>
/

s,

- eve =21
) P=0.57
3
* TP 3 PL ‘}‘ v
i
3
B .
BAR 3/4" SQUARE o
ASTM_A 276 1P 304U J
" GROUT— TP 3 Pl S
| i
f HH

|

{

D)
N
L

i

- |

CONCRETE BASE FOR SINGLE \CONCRETE BASE
ANCHOR ONLY 3-0™ MIN

40" MIN

a) Mg Mo =306 +0.57 7:\4) 40.2 M-K\ (O\/er-\mrw» o Moyroaiir )

DeXermame & eccewy \c\\«a/ 15 %realrer* —\'\,\av\ b(em(/)
W= Wit N\ o %‘)\‘\V\?/ =4\ ¢+,
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(SN 7S VN SNUNNY el}t

wX o iook'w\ca,— (T4, ZX?,\_)UBOFQ&;) t/ggc/ b

. L(|D
P=Dal = 1.q+o.gz+ 5 7=8.12 kip (ws— “hofzei)=6.7 i)
=[15pey; Tuble 2
= AA/ = A’O \7 5 O M Og \.\(LV\/\O/\ & \f\/\.‘\bg‘. .
P 5. {2 \(\\ 5 "\34_“.‘,(":" \(/[_\_\‘800‘3"/

K’%V\ =.(a \\,V\

" Since € <’k(k€\/\'\\ Ole%;?_(‘m;we f*mcw = P (/ + (‘_,_4_23

B 23
P- 8 3 g
= 7. H ! - 6
AR 5»,5 %05 pef
w812 +Ca(>‘,/)\=l.1 ket <4 ks®  om
2 i (_3_5@_?_) 31 ) 8 ks Ks on
] i AT 40\)./:.,,¥ Frova 6\:‘0%/‘”\/\(le50'\. vx\.l KLDO/‘T

cox,\*v@.t’*‘$ HEH ~8008 -~
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1 x= 36 M
. = ‘ A“o\«\/qbk PC\SSIVQ CC!/"H/\ f"/.Jéqu_
! o~ wnw. deptvn

, EP’ 2 (1S pc§ )(4.5 P (4s)
Y ,/ 2 Tios lbs/H ,

3 v
-~ Fa P45 / A M el{c{b
2/ y A I ol ey
= My=80.2 3w K,

o ” JFs 4 /»)

‘32&;0\‘05

YLAN 2
/l/of‘e A.Ll[: e totl force Fromso;l ac.El\A m{' Hhe footin
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ERRE

MT: YelleV 2= //O.2 ;Wkip

s MF‘//Ma’ O;/(
/l/o-/ . Fo the ¢ aﬁl/m =k viLi*K Kp = 4.0 f

* P fzpzlu ﬁzﬁ recor/memz/ed SR oF / M
E/D e /l;rc_»e. ac«h\/la < om?, +he base . (/b/‘;

[ CheC—k 5[10]:;,\3, FeS/s%ﬁ/p;c_ M

Fz= 9.5 Wip :
F=Fr = > 1.5 ,-.Cofc,o\\ee(arv\gf.’§6 soils.
Fa
where
Fe =R tan ¢+ Ep £
whe e g ¥\”\C'{>7J\A 25- (¢ 37° T ‘;C'“/ ‘{T,",::_,‘. - ,)
=We+tWg =76 hip

We= |9 kip - . |
Ws= 115pE x 4.2 yzo X 3.492"= 6030 /lbs
Fes 7ioden 37°)+ 3.0 (4,2)= 8.7 Kip

IFr = 187 <1.0 > \.¢g N1
F= %% —
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MODEL 7400

Design Speciﬁc:“'l

Janue —.

(Supersedes N.

WAFER-MAG™ ELECTROMAGNETIC FLOWMETER

DESCRIPTION

The Brooks® Waler-Mag electromagnetic flowmeter isa
solid state, obstructionless fiow rate measuring device
‘whichis capable of measuring a wide range of conductive
liquids, clear or slurried.

The Wafer-Mag is comprised of two basic parts: a flow
transmitter which becomes a part of the pipeline and a
signal converter. A magnetic field is generated by com-

pact high density field coils mountedto a short section of .

siraight pipe. As a conductive liquid passes through the
pipe sectionandits magneticfield, avoltage is generaled
that is directly proportional to the velocity of the conduc-
tive liquid. The voltage induced is sensed by electrodes
mounted at right angles to the magnetic field and in
contact with the conductive liquid or slurry. The elec-
trodes are insulated from the pipe by a non-conductive
liner that encapsulates all wetted parts of the pipe. From

the electrodes, the voltage is transmitled to a signal .

conditioner where it is conditioned 1o the desired output
signal(s).

"he Brooks Wafer-Mag employs a keyed bi-directionalde
magnetic field and digital electronics to establish new
criteriain wide rangeability, high accuracy and low power
consumption. The Wafer-Mag generates an opencollec-
torfrequency (proportional to liquid velocity) of 10 kHz at
maximum flow rate. Convenient terminal connections are
provided to permit local or remote verification of proper
meter operation. Optional analog current or faclored/
scaled pulse outputs are available for integral or remote
mounting.

DESIGN FEATURES
* Accuracy of £0.5% of rate

* Laylength: wafer body design for installation between
mating flanges of ANSI, DIN or BS bolt pattern, {0 300
b. ANSI rating. Minimum length for maximum ease of
Installation,

Light weight. the waferbody design minimizes weightto
Mmaximize ease of handling.

* Unobstructed fiow. no restrictions are in the liquid path,
Pressure dropis equalto an equivalent length of pipe of
€ same inside diameter.

* Staple Operation: flow measurementis unaffected by
changes in temperature, pressure, specific gravity,

——

viscosity and/or conductivity above a minimum of 3
micromhos/cm over a wide range of ambienttempera-
tures.

* DC maénelic field. bi-directionally driven magnetic
field.
Aultomatic zero: no adjustments required. Signai volt-

age is dynamically verified each time the coil current
reverses up 1o 75 times per second.

* Low power consumption: approximately 15 watls for
sizes 0.15" to 8".

Interchangeable electronics: all wafer-mag electronics
are interchangeable. No test equipment required.

.

Potted coil housing: coil housing internals are
completely potted for maximum environmental
and vibration resistance.

Separale sealed wiring compariments: provide easy
customeraccess for hook-up with maximum protection
for electronics.

Digital analog span: analog output has digital span
setting for re-ranging without test equipment ang no
electrical power required for setting.

Optional Sman electronics (3580}: contigurable through
local or remote operator interace.

Brooks Instrument
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Elettrical Approvals:

+' Flowheads withintegral electronics: FM approved Class
I, Division 2, Groups A, B, C and D, Class 11, Division 1,
Groups E, F and G and Class Iil.

« Flowheads for remote hook-up to 3560, 3570 or 3580
electronics: FM approved Class |, Division 2, Groups A,
B, Cand D, Class I, Division 1, Groups E, F and G and
Class lll.

« Optional: FM approved Class 1, Division 1, Groups C
and D. Flowhead can be used with Brooks remote
electronics Models 3560, 3570 and 3580.

SPECIFICATIONS

WARNING: Do not operate this instrument in excess
ofthe specifications listed below. Failure to heed this
warning could result in personal injury and/or dam-
age to the equipment.

Capacities

FullScale Meter Range: 110 10 meters/secor 1to 10feet/
sec, jumper selectable with no special calibration
required (refer to Table 1).

Accuracy
System £0.5% of the rate from one unit persecondlofen

units per second. {one unit = one foot or meter) and_

0.005 units per second below one unit per second.

Analog output .

Add £0.1% full scale to above accuracy specifications.
Repeatability

0.25% of rate

Pressure Limits

740 psig @ 100°F (40°C) Tefzel and Teflon tubes

285 psig @ 100°F (40°C) Ryton™ tubes (1" and smaller)

150 psig @ 100°F (40°C) Ryton tubes 1-1/2" and 2"

Temperature

Ambient: 0 to 150°F (-18 10 65°C)

Process: Refer to Table 2.

Power Requirements

Selectable by jumper plug -115 Vac or 230 Vac. £15%
47-63 Hz, 10-30 Vde

Power Consumption
15 Watls maximum

Table 1 Capacity Table - Velocity-to-Fiow Conversion Factors 0.15" to g"*

Flow in gpm Units = Feet Flow in gpm Units = Meters
Meter Low Flow Low Flow Guldelines
Size 1.000 f/sec 10.00 ft/sec Cut-off @ 1.000 m/sec | 10.000 m/sec Cut-off @ Flow 6 tUsec,
nches} mm gpm Ipm gpm Ipm gpm ipm apm Ipm apm Ipm gpm | Ipm | gpm ipm
0.15% 1 4 0.055 { 0.21 0.58 21 0.001 | 0.004 | 0.18 0.68 1.8 6.8 0.004 ! 0.02 | 0.33 13
0.3 8 0.22 0.83 2.2 8.3 0.005 | 0.02 0.72 27 7.2 27 0.02 | 0.06 1.3 4.8
1/2 15 0.86 3.3 8.6 33 0.02 0.08 2.8 10.6 28 106 0.06 | 0.23 5 19
1 25 23 8.7 23 87 0.05 0.20 7 28 75 284 0.16 0.6 14 53
1-1/2 | 40 5.5 21 55 208 0.13 0.48 18 68 180 681 0.41 1.6 36 136
2 50 9.1 34 81 344 0.21 0.79 30 113 300 1,136 | 0.69 2.6 55 208
3 80 21 80 213 806 0.48 1.8 70 265 700 2,650 1.6 6 128 485
4 100 37. 138 365 1,382 | 085 | 3.2 120 454 1.200 | 4,542 2.8 10 220 833
& 150 83 314 830 | 3,142 1.9 7.2 270 1.022 | 2,700 { 10,220 | 6.2 24 495 1,874
8 200 152 575 1,520 | 5,753 3.5 13 500 | 1,893 | 5,000 | 18,925 | 11.5 44 915 3,463

* All Values are approximate — actual values will depend on flow tube K-factor

™ These meter sizes are only offered with Rylon tiow tubes, maximum pressure 285 psig at 100°F (40°C)

# Low flow cut-off is 2.3% of the selected analog setting adjustable from 23 Hz as listed in the above table through 230 Hz at the
MAXIMUM FULL SCALE ANALOG SETTING AT 10 FEET OR 10M PER SECOND.

Table 2 Maximum Workin

Pressures and Temperatures

Pressure psig (kPa) Maximum
150/300 Ib. Flanges Allowable
Materials | Characteristics Available in Liquid
{Liner) {Liner) Meter Sizes 0-100°F (40°C) 200°F (33°C) 300°F (149°C) Temperature (1)
740 psig 675 psig 655 psig 300°F
Tefzel | Chemical Resistant |1/2 through 8 inch 5202 kPa 4745 kPa 4605 kPa {149°C)
740 psig §75 psig 655 psig 350°F
Teflon | 3A Food Services 1/2 through 6 inch 5202 kPa 4745 kPa 4605 kPa {149°C)
285 psig 185 psig Not 200°F
Ryton Fractional Sizes' .15 and .30 inch 2004 kPa 1300 kPa Applicable {93°C)
Kynar | Consult Factory | Consult Factory CF CF CF CF
“©te (1): Temperature Tmits may vary depending on liquid being metered.
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PROGRAMMED BY: VERSION: 0
M. M. ABMED PAGE NO: 2
INPUT DATA:

NOTE: THESE ARE THE LOADS ACTING AT PIPE WALL & ‘ (Ref. File SA-07.mcd,
ATTACHMENT JUNCTURE. "Pipe Loads at B")
P=259 RADIAL LOAD IN POUNDS

M =6626 CIRCUMFERENTIAL MOMENT IN INCH-POUNDS

M ;=19390 LONGITUDINAL MOMENT IN INCH-POUNDS

M=3276 TORSIONAL MOMENT IN INCH-POUNDS

V=846 SHEAR LOAD ACROSS PIPE LENGTH IN POUNDS

V124690 SHEAR LOAD ALONG PIPE LENGTH IN POUNDS

2. GEOMETRY:

T=1.267 FROC.PIPT 0 237+ENC. PIPE 0.28+PAD 0.75=1.267"

Rm=2.68 (ENC. OD 6.625 - T 1.267)/2

102225 ATTACHMENT PIPE (TRUNNION) RADIUS IN INCHES

w=0.3125 FILLET WELD SIZE IN INCHES

r=0.707-w FILLET WELD RADIUS IN INCHES

r=0221

3. GEOMETRIC PARAMETERS:

r QTRT PIPE/VESSEL PARAMETER
r=2115

B 5(0.875)-1;—011 ATTACHMENT PARAMETER
B =0735
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PROGRAMMED BY: VERSION: 0
M.M.AHMED PAGE NO: 3

4. STRESS CONCENTRATION FACTORS:

9.7 |0:63

Kn=1+ <?> TENSILE FACTOR
0T,

Kn =2.594
2.7 \08

Kb=1+ (9 7 ) BENDING FACTOR
4T

Kb=2.173

BIJLAARD'S NONDIMENSIONAL CURVES:

THESE CURVES ARE PLOTTED FOR '8'VERSUS A NONDIMENSIONAL
CONSTANTS FOR DIFFERENT VALUES OF 'T' AND APPLIED
LOADS.THIS PROGRAM ADOPTS A SIMPLE AND CONSERVATIVE
APPROACH FOR A SPECIFIC, MOST OFTEN USED RANGE OF VALUES
FOR 'B* & 'T". SINCE MOST OF THE PIPE ATTACHMENTS

DESIGNED HAVE THE PARAMETERS 'f' & 'I'' WITHIN THE RANGES
LISTED BELOW, THE MOST CRITICAL NONDIMENSIONAL CONSTANTS
ARE CHOSEN FROM THE APPLICABLE CURVES AND USED IN
COMPUTING STRESSES CONSERVATIVELY. THUS ELIMINATING THE
USE OF BIJLAARD CHARTS EACH TIME.

IF VALUE OF '"T" IS BETWEEN 5 AND 15 I'=2.115

AND "B" = OR > 0.5, B =035

USE THE CONSTANTS GIVEN BELOW.

(IF I' & B DO NOT FALL WITHIN ABOVE RANGE, READ CONSTANTS
FROM SPECIFIC CURVES AND USE THEM IN PLACE OF CONSTANTS
LISTED BELOW.)

SINCE "b

SINCE VALUES ARE OUT OF ABOVE RANGE , APPROPRIATE BJILAARD
CONSTANTS ARE USED.
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PROGRAMMED BY: " VERSION. 0
M.M. AHMED PAGE NO: 4

CONSTANTS FOR CIRCUMFERENTIAL STRESSES:

A$=0.70 v FROM FIG 4C: VALUE OF 'N¢/P/Rm' FOR 'P'
B$=0.04 FROM FIG 2C-1: VALUE OF 'M¢/P' FOR 'P'
C$=0.20 FROM FIG 3A: VALUE OF 'N$/Mc/Rm"2.3' FOR Mc
D¢=0.12 FROM FIG 1A: VALUE OF 'M¢é/Mc/Rm.' FOR Mc
E¢EE).50 FROM FIG 3B: VALUE OF 'N¢/ML/Rm"2.5' FOR ML
F$=0.04 FROM FIG 1B: VALUE OF 'M¢/ML/Rm.}' FOR ML

CONSTANTS FOR LONGITUDINAL STRESSESS

Ax=0.60 FROM FIG 4C: VALUE OF 'Nx/P/Rm' FOR 'P'
Bx=0.08 FROM FIG 1C-1: VALUE OF 'Nx/P' FOR 'P'

Cx=0.30 FROM FIG 4A: VALUE OF 'Nx/Mc/Rm”2.8' FOR Mc
Dx=0.07 FROM FIG 2A: VALUE OF 'Mx/Mc/Rm.' FOR Mc
Ex=0.15 FROM FIG 4B: VALUE OF 'Nx/ML/Rm"2.p' FOR ML
Fx=0.08 FROM FIG 2B: VALUE OF '"Mx/ML/Rm.' FOR ML
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PROGRAMMED BY: VERSION-0
M.M. AHMED PAGE NO:5

CIRCUMFERENTIAL ( c¢ ) STRESSES:

Rm-T oda =138.48

odb= Kb~B¢<6'£
T2

o =84.125
MC
GMEKH'Cd)'RmZ»BT oo =514.14
¢d = Kb Dip- 6+~
(Rm By T opd =3.28-10°
1
SesKnBh s oe =3.761-10°
M)
s¢szb»F¢-6<m obf =3.199-10°

CIRCUMFERENTIAL STRESS (0¢) SUMMATION:

NOTE: USE THE MOST CRITICAL STRESS OF THE FOLLOWING
SUMMATIONS.

odCu=cda + opb + ofe + odd G¢Cu=4.016'103

OR

cdAu=zoda + opb + ope + odf cbAu =7.183-103
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PROGRAMMED BY: 'VERSION:0
M.M. AHMED PAGE NO:6

LONGITUDINAL ( ox ) STRESSES:

oxa=RnAxo o oxa =118.697
b =Kb Bx-61
oo =RO R o oxb =168.25
MC
oxe=Kn Cx- _
) R BT oxe =771.209
M, s
oxd=Kb Dx 6 ——— oxd =1.913+10
(R p-T7)
M1 3
oxe=Kn Ex 2 oxe =1.128-10
Rm“ BT
M 3
oxf=Kb-Fx: 6 ———— oxf=6.39810
(Rmp-12)

LONGITUDINAL (ox) STRESS SUMMATION:

NOTE: USE THE MOST CRITICAL OF THE FOLLOWING SUMMATIONS.

oxCuzoxa + oxb + oxc + oxd chu=2.97l-103

OR

oxAu=oXa + oxb + oxe + oxf oxAu=7.813-10°
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PROGRAMMED BY:
M.M. AHMED

SHEAR (I'x¢) STRESSES:

T'xl=

(o) SHEAR STRESS DUE TO TORSION 'MT"'
x4l =81.287
ehn o V o
R SHEAR STRESS DUE TO SHEAR 'VC'
T'x¢2 =94.463
I'x¢3=

71T SHEAR STRESS DUE TO SHEAR 'VL'

T'x¢3 =523.677

SHEAR STRESS (I'x$) SUMMATION:

THE TWO COMPONENTS OF SHEAR STRESSES ARE:

TxdAu=(Txpl + I'x$2) T'x¢Au =175.75

Tx¢Dus=(I'x¢1 + I'x$3) I'x¢Du =604.965

VERSION:0
PAGE NO:7

NOTE: WHILE QUALIFYING THE PIPE STRESSES FOR ASME CODES B31.1 AND B31.3, THIS
PROGRAM, "POP", SHALL BE RUN TWICE, ONCE FOR THERMAL LOADS AND ONCE FOR
SUSTAINED + SEISMIC LOADS. THE HIGHEST OF THE LONGITUDINAL STRESSES

(oxAu or oxCu) COMPUTED ON PAGE-6 OF THIS PROGRAM SHALL BE ADDED TO THE

"AUTOPIPE" PIPE STRESSES FOR RESPECTIVE LOAD CASE.

THE SUMMATION PIPE NORMAL

STRESSES (AUTOPIE) AND LOCAL LONGITUDINAL STRESSES (POP) SHALL BE WITHIN THE

CODE ALLOWABLES FOR CORROSPONDING LOAD CASES.

HNF-2474, Rev. 0, Page A-39
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Discipline 27,Piping and Vessels
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ICF KAISER
HANFORD COMPANY

Calc No. W320-27-016
Revision No. -0~ 2

DESIGN ANALYSIS PageNo. 1 of 9

Client WESTINGHOUSE HANFORD COMPANY WO/Job No. ER4319  Filename:COBA. WP
3ubject AY FARM - JUMPER STRESS ANALYSIS Date 9-11-85 By: M.M. Ahmed
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked 9/11/95 By: M.K. Pal
Location C TANK FARM - 200 W. AREA Revised / / By

n/;&/,,?

Lev. 2. EY? |4 I"A{:ﬁ
cre By 3999 Rev-1: By: f Qhved — ¢-28-9¢
OBJECTIVE: Chk'd By::p é‘%_—_//7 /-7 |
The objectives of this calculation are:

1. Perform static and dynamic piping stress analysis of the "C- Tank Farm™ Jumper Assemblies in order to
be in compliance with the Code ASME B31.3 requirements.

2. Qualify the Integral Sea! Block {ISB} Jumper connectors for loads exerted by
piping in accordance with document WHC-SD-W236A-DA-002, Rev-0

3. Prepare a report on piping loads exerted on pit wall at pipe penetration location.

REV-1:

To incorporate the changes resulting from using a different Booster pump. ! Rev-1

Rev-2" \/emcxr As-borlt covrdhtrons . \

DESIGN CRITERIA:

1. ASME CODE B31.3-93 with Addenda up to 1994.

2. SDC 4.1, REV-12. (Now FOMW Pudice #134.215,1217 ) A

3. PROJECT W-320 FDC: WHC-SD-W320-FDC-001, REV. /2/4

4., WHC-SD-W236A-DA-002, Rev-0

DESIGN INPUTS:

GENERAL (Applicable to all Jumpers)

Ambient Temperature 40°F (Ref. 3)

Design Temperature: 180°F (Ref: 3)

Design Pressure: 325 psig (Ref: 10)

Hydrostatic Pressure 490 psig

Pipe Materials: ASTM A312 TP304L {Ref: 19)

Pipe Sizes: 3in. and 4 in. | Rev-1 (Ref: 19)

Pipe Wall Schedule 40 (Ref: 5 & 19)

Safety Class category: SC-3 (Ref. 4)

Corrosion Allowance 0.06 inches (Ref. 7}

B31.3 Code Allowable stress 16700 psi (Ref: 1)
MA-COGRS A\

JUMPER US-A, B PUMP PIT 241-C-06A (Autopipe Filename: MA-CO6A & €06A=SF— B

Process Fluid: 241-C-08A SLury (Ref: 20)

Specific gravity: 1.20 (Ref: 8)

Piping Dimensions: Dwg: H-2-818505 (Ref: 19)

Flanges ' 300# ANSI rated (Ref. 21)

Connector weights 4" 1221bs 3" 77 lbs 2": 29 lbs (Ref: 9)

Nozzle weights 4": 111lbs 3" 6.51lbs 2": 2.,51Ibs (Ref: 9)

Kickplate weights 4": 16.51bs 3": 121Ibs 2": 3.51bs (Ref: 9)

Pressure Element Weight 47; 27 tbs N/A 2": 12 Ibs (Appx: C) {Ref. 18)

Pump Wiums = 1000 Ibs (Appx: C)  (Ref: 17) I Rev-1

Pump Motor Weims Motr = 2250 Ibs (Appx: C) (Ref: 17) | Rev-1

Blank 2" Connector with Counter Weight 86.98 lbs {Appx: C) (Ref. 22)

HNF-2474, Rev. 0
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ICF KAISER

HANFORD COMPANY
DESIGN ANALYSIS

Client WESTINGHOUSE HANFORD COMPANY

Cale No. W320-27-016

Revision No. o]

Page No.

WO/Job No, ER4319

2 of 9
Filename:COBA. WP

subject AY FARM - JUMPER STRESS ANALYSIS Date 9-11-95 By: M.M. Ahmed
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked 9/11/95 By: M.K. Pal
Location C TANK FARM -200 W. AREA Revised / [/ By:
JUMPER UB-A PUMP PIT 241-C-06C {Autopipe Filename: MA-JBA)
Process Fluid: Tank 241-C-106 Supernate (Ref: 20)
Specific gravity: 1.12 {Ref: 3)
Piping Dimensions: Dwg: H-2-818515 (Ref: 19)
Connector weight 122 Ibs {Ref: 9}
Nozzle weight 11 lbs {Ref: 9)
Kickplate weight 17 Ibs {Ref: 9}
Jumper Flushing Blank Head 71.5 lbs (Ref: 9)

DESIGN METHODOLOGY:

C Farm Jumper Piping Assemblies include Jumper US-A that is located in Pump Pit 241-c-06A and Jumper
U6-A that is located in Pump Pit 241-C-06C.

The jumper assembly models include connectors and nozzles. The nozzles are considered to be rigidly
anchored either to pit walls or cover plate for tanks (H-2-818524 and H-2-818526, Ref:19).

The jumper connectors are specified as Integral Seal Block (ISB) connectors (Ref:9) The document
WHC-SD-W236A-DA-002 (Ref:22) provides all the analytical data such as connector stiffness,
acceptable piping loads & seating forces for the ISB connectors. These connectors have been modeled in
Autopipe as short radius elbows and flexible couplings with specified translation and rotational

stiffness. The connector and nozzle weights are imposed at Flexible coupling.

The weights of structural steel assemblies and lifting bails used to connect jumper piping to nozzles during
installation are calculated and imposed at appropriate points.

Stress analysis of the jumpers has been performed in accordance with ASME B31.3 for sustained, thermal
and seismic loading (Ref. 1} using the computer program "Autopipe” Version-4.6 by "Engineering Design
Automation™ (EDA) (Ref. 11).

SUSTAINED LOADS:

The "AutoPipe" program checks the sustained stress (the summation of gravity and pressure
stresses) against the B31.3 Code Allowable stress "S" for the material specified for each jumper

piping.
THERMAL (DISPLACEMENT) STRESS:

The maximum design temperature for the pipe of 180°F and the ambient temperature of 40°F
has been used in "AutoPipe” program to qualify the thermal expansion stress to the Code B31.3
allowable for displacement stress, "Sa". :

HNF-2474, Rev. 0
Page B-5




ICF KAISER

HANFORD COMPANY
DESIGN ANALYSIS

“lient WESTINGHOUSE HANFORD COMPANY

Cale No. W320-27-016

Revision No. o]

Page No.

WO/Job No. ER4319

3 of 9
Filename:COBA. WP

Subject AY FARM - JUMPER STRESS ANALYSIS Date 9-11-85 By: M.M. Ahmed
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked 9/11/95 By: M.K. Pal
Location C TANK FARM - 200 W. AREA Revised / / By:

SEISMIC STRESSES:

The jumper piping has been categorized as Safety Class 3. However the pit structure is classified
as Safety Class 1 category. In order to perform Safety Class 3/1 analysis for this investigation,
dynamic response spectra analysis is performed using Safety class-1, "Fig 3" seismic response
spectra (6% Damping) of SDC 4.1, Rev-12 (Ref.2). This response spectra is created in
"AutoPipe" as "SC1" and used in this dynamic analysis. Autopipe qualifies seismic stresses as
occasional stress with the code allowable 1.33S.

The Jumper Connectors are qualified in accordance with WHC-SD-236A-DA-002, Rev-0 (Ref:22)
Table 3.4 Acceptable piping loads. The acceptable axial force is limited to allowable seating
forces for 50 ft-Ib torque of Table 3.3 assuming all the actual axial loads tend to un-seat
connector assembly. This results in conservative analysis. The acceptable loads are not increased
by 1/3 as permitted on page-6 of Ref:22, which is conservative. The interaction of loads for
critical connector is calculated {See page-6 of this calculations) as specified on page-7 of Ref:22.

HYDROSTATIC PRESSURE:

A hydrostatic pressure analysis is performed for 490 psig (1.5 times of Design pressure)
and documented in Appendix-B.

The following describes the modelling and analysis techniques unique to individual jumpers.
JUMPER U9-A

Jumper US-A includes the piping extending from the Tank C-06 Submersible Pump Assembly
nozzle (A) to the Tank C-06 Booster Pump, and from the Booster Pump to the Transfer Line
nozzle (U-9). The "Frame" feature of the "Autopipe" program has been used to assimilate the
Booster Pump Assembly in order to consider the adequate stiffness of the pump in the system.
The weight of the pump and motor is imposed at locations corresponding the centers of gravity of
the pump and motor. The seismic stabilizer is represented in the model by two 3-inch

schedule 40 pipes that connect to the lifting frame sub-assembly.

‘A Gravity support (Y-stop) has been modeled directly below the pump assembly {Node point#1)
which is seated on concrete pedestal for the Sustained (Static) analysis only (See Appendix-B).
The Y-stop is removed from the model for the dynamic analysis (See Appendix-A) in order to
retain the linearity of the dynamic analysis and most accurately assimilate the effects of
movement of the pump assembly in a Seismic event.

Weight of instrumentation has been applied at the instrument center on the pipe with flanges
input as 400# ANS! rated in accordance with the 325 psig design pressure.

PIPING LOADS AT BUILDING PENETRATION ANCHORS
The spreadsheet program, "Excel” {Ref. 12), has been used to summarize Pipe Loading at Building
Penetration Anchors and listed on pages 7 & 8.

HNF-2474, Rev. 0
Page B-6




ICF KAISER Calo No. W320-27-016

HANFORD COMPANY ' Revision No. 0~ Z-
. DESIGN ANALYSIS Page No. 4 of 9

“lient WESTINGHOUSE HANFORD COMPANY Wo/ob No. ER4319  Filename:COBA.WP
Subject AY FARM - JUMPER STRESS ANALYSIS Date 9-11-95 By: M.M. Ahmed
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Chacked 9/11/95 By: M.K. Pal

Location C TANK FARM - 200 W. AREA Revised “/Z-Sf'\7 8y: }( }«‘,N/\se/

’ ]
CHED BY: | (ks

3.04¢
ASSUMPTIONS: :

1. Since the "Autopipe" program cannot perform non-linear dynamic analysis, Y-stops {No gap
below and an infinite gap above the pipe) is ignored for the dynamic analysis. This resultsin a
conservative analysis.

2. It is assumed that the lifting bail and structural steel assemblies designed to support the jumper
piping during installation will be supported by the jumper during operation.

3. Assumed the ISB jumper connectors will be used and torqued to 50 ft-Ibs.

4, Building structures and tank nozzles are structurally adequate to withstand pipe loads.

REFERENCES:
1. ASME Code B31.3 and B31.3a-1994 Addenda for "Chemical and Petroleum Refinery.”
2. SDC 4.1, Rev. 12, "Standard Architecture & Civil Design Criteria."

(Mow FOIW Pradice ® 134,2181217T | Ozsigm londs £, Facbhes) LZ\
3. WHC-SD-W320-FDC-001, Rev-/Z/. "Functional Design Criteria for Tank 241-C-106 Waste -
Retrieval, Project W-320".

4. WHC-SD-WM-SEL-033, Rev-1, "Safety Equipment List for 241-C-106 Waste Retrieval Project
w-230"

5. Construction specifications W-320-C5, Rev-0 , Section 15493 for piping materials.
6.Construction Specification No: B-131-C1, Section 15415 for piping materials.

7. Calculation No: W-030-011, Rev-1 for "Fouling factor and Corrosion rate.”

8. Data Compendium, Bruce A. Castaing

9. Jumper Design Fabrication Drawings: H-2-821325, H-2-821326 & H-2-821404.

10. DSI from C.D.Jones dated March 28, 1994 "Design Pressure for Slurry and Sluice Pumps".
11. Computer program "AutoPipe" Version 4.6 by "Engineering Design Automation.”

12. Computer Program "EXCEL" Version 4.0, by Microsoft.

13. Crane Technical Paper No: 410, 22nd Printing-1986.

14. Ryerson Stock List and Data Book, 1985-86 Edition, Joseph T. Ryerson & Son, Inc.

HNF-2474, Rev. 0
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ICF KAISER calo No. W320-27-016

HANFORD COMPANY Revision No. 0

DESIGN ANALYSIS PageNo. 5 of 9
Client WESTINGHOUSE HANFORD COMPANY WO/Job No. ER4319  Fitename:COBA.WP
subject AY FARM - JUMPER STRESS ANALYSIS : Date 9-11-95 By: M.M. Ahmed
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked 9/11/95 By: M.K. Pal
Location C TANK FARM - 200 W. AREA Revised / / By:

Rev-1: By:iL Ohesd- 6289
Checked By: D (. X550 7/ -%
15. PBM Reference Book Sec. Il (SP Series) and Sec. IV (MP Series), PBM, Inc.

16. Fax Transmittal Memo from Micro Motion, Inc. Fax dated 6/22/94 \

17. Fax Transmittal Memo from C.D.Jones of Reliance Dimension Sheet 611740-503 and Goulds
Catalog # GPM5, Page 134 for Pump Model 3900 , dated 1/23/95

18. Fax Transmittal Memo from Red Valve Co. Inc., on Series 40 Pressure Sensors.

19. Piping Arrangement and Detail drawings: H-2-818524, H-2-818505, H-2-818508,
H-2-818526, and H-2-818515

|
%
20. Process Flow Diagrams: H-2-818558 H-2-818559, and H-2-818560 \
|
\
21. ASME/ANS! B16.5 |

|

|

22. WHC-SD-W236A-DA-002, Rev-0 "Stress Analysis of Single Port (ISB) Jumper Connectors for
2-, 3-, and 4-in Sizes".

23. Seismic Design White Paper Project W-320 Tank 241-C-106 Sluicing ~

CALCULATIONS:

The calculations are documented in this package as shown below.

AutoPipe stress analysis results & Isometric models Appendi_ces A,B&C |
Jumper Connector load qualification Page-6 |
Pit Wall Anchor Loads Pages 7 & 8 '
Jumper 3D Isometrric Model for AutoPipe Page-9 | Rev-1 |
CONCLUSION: \

The review of the "AutoPipe" summary results attached as Appendices to this calculation
indicates that all pipe stresses are in compliance with the requirements of ASME Code B31.3
requirements.

The Jumper qualification on page-6 indicates that ISB connectors are adequate for piping |
loads. |
|

The Piping loads on Pit walls at piping penetrations are summarized on pages 7 & 8.

HNF-2474, Rev. 0
Page B-8



5 FLUOR DANIEL Cale. No.: W320-27-016

NORTHWEST INC. Revision: 2
~ DESIGN ANALYSIS Page No: 5 of ]
Client: Numatec WO/Job No.: ER4318/W-320
Subject: C Farm Jumper Stress Analysis Date: | 1/25 /c} 7 By HAY“”
Project W-320 Waste Retrieval for Tank 241-C-106 Checked: 3.17,9 ¢ By , OJV“’)}
Location: C Tank Farm 200 East Area Revised: By:
Rev, 2

CONCLUSION (CONTINUED)
5%

Rev. 2 of this calculation verified the analysis against the as-built conditions (swkR4/8%). The analysis

includes the weights of a flow meter and pressure sensors. These weights are not critical to the results of the

analysis. Therefore, any differences between the weights used in the analysis and the approved vendor data

are negligible.

AS-BUILT CHANGES ARL INSIGN IFICART AND WILL NOT HAVE ANY

ADVERSE WPhcT gN ANALYSIE:

HNF-2474, Rev. 0 W320-016.WPD
Page B-9

FDNW CALCULATION SHEET




ICF KAISER
HANFORD COMPANY

Client

WESTINGHOUSE HANFORD COMPANY

DESIGN ANALYSIS

Subject AY FARM - JUMPER STRESS ANALYSIS
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106

Location C TANK FARM - 200 W. AREA

Cale No. W320-27-016
Revision No. o]

Page No.

woOsJob No. ER4319

Date 9-11-95
Checked 9/11/95
Revised /[ [/

6 of 8

Filename:COBA.WP
By: M.M. Ahmed
By: M.K, Pal

By:

Rev-1:

By: L .Ghoed ¢.28-9

Checked By: 2/ y&—;? 7176

ISB JUMPER CONNECTOR LOADS QUALIFICATION

CONNECTOR | AUTOPIPE | SIZE | CONNECTOR ACTUAL LOADS [ Rev-1
LOCATION FILE NAME /ALLOWABLE LOADS
& NODE REF NO:
Axial | Shear Shear Torsion Bend | Bend
X Y 4 Mx My Mz

{Ibs) (ibs) (Ibs) (ft-1b) (ft-lb) | (ft-Ib)

Connector-U9 MA-CO6A 4" 520 276 381 180 197 236 APDX-A
- Pump Pit AO3M

C-06A 6310 | 2220 2220 780 1170 | 1170 22
Connector A MA-CO6A 4" 483 149 337 140 365 185 APDX-A
Pump Pit A1TM
C-06A . 6310 | 2220 2220 780 1170 | 1170 22
Connector B MA-CO6A 4" 269 258 333 30 100 84 APDX-A
Pump Pit BO4M
C-06A 6310 | 2220 2220 780 1170 | 1170 22

SEATING FORCES BETWEEN CONNECTOR & NOZZLES:

The axial allowable load considered in table above are limited to seating forces for 4" Connectors

for 50 ft-Ib torque as specified in Table 3.3(Ref:22), Since the actual axial forces are less than

the allowable seating forces, the connector will not be un-seated from the nozzle.

INTERACTION OF SHEAR, TORSION AND BENDING:

| = fyz/Fyz + [mx]/Mx + myz/Myz < 1.0 Ref:22, page-7

Review of actual loads and allowable loads in the table above indicates that the Connector-U9
in the pump pit is more critical for interaction.

fyz = 470 Ibs (SRSS of fy=276 & fz=381). Increase Allowable by 1.33 for seismic

myz = 307 ft-lbs (SRSS of my=197 & mz=236)

0.563 < 1.00

470/1.33x2220 + 180/1.33x780 + 307/1.33x1170

As such Jumper Connectors are adequate.

HNF-2474, Rev. 0
Page B-10
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ICF KAISER

Calc. No. W-320-27-016

HANFORD COMPANY Revision No: 0

DESIGN ANALYS!IS Page No. 7of 9
Client WESTINGHOUSE HANFORD CO. WO/Job N ER4319 Filename U9.xls:2
Subject AY FARM JUMPER STRESS ANALYSIS Date 9/114/95 By M. M. AHMED
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked 91195 8y M. K. PAL
Location C TANK FARM 200 EAST AREA Revised By |

REV-1: BV ‘\\_ Ol\\\\“’/aL &.28.94

ANCHOR LOADS AT PIT WALLS

checken av: L. L See> 7 1-9¢

NOTE: THESE ARE THE JUMPER PIPING LOADS EXERTED ON PIT WALL FROM INSIDE THE PIT. DOES NOT INCLUDE THE TRANSFER .

PIPE LINE LOADS FROM OUT SIDE THE PIT.

{Inside Pit) JUMPER LOADS Fx Fy Fz Mx - Ny Mz
tibe) {los) tibs) tin-1b) Linib) Gier 1)
fdentification:
(Seismic) 132 128 298 1548 2352 948
Dwg:H-2-818505
. t=1)
AutoPipe File: MA-CO6A {Thermal} 23 321 233 3192 24 ) 468
Node #: ACO
2
Orientation:
3 |
=l
(Plan Vview)
i {*3) ABSOLUTE SUM 155 449 528 4740 2376 1416

HNF-2474, Rev. 0
Page B-11
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ICF KAISER

Calc. No. W-320-27-016

HANFORD COMPANY Revision No: 0
DESIGN ANALYSIS Page No. Bof 9
Client WESTINGHOUSE HANFORD CO. WONob N ER4318 Filename Ug.xis:2
Subject AY FARM JUMPER STRESS ANALYSIS Date 9/11/95 By M. M. AHMED
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked 9/11/95 By M. K. PAL
Location C TANK FARM 200 EAST AREA Revised By
6.28-9

REV:t  BY: @L . O\\“‘ﬂ’ﬁ

CHECKED BY: D L. %W/ 705
NOTES:

(*1}: SEISMIC LOADS COULD BE POSITIVE OR NEGATIVE.
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§ PARTS/MATERIAL LIST
Va PONER CABLES CUAMTATE T parT/0ASH noupeR NOMENCUATURE /DESCRIPTION WATERIAL/REFERENCE  necTJTEM
-~ NITROGEN HOSE 010 ASSEMBLY [
- - - 1 f-o0 LIFTING FRAME SUB-ASSY 2 [2
1 [ -030 PUMP BASE SUB.ASSY 2 [ 3
. . " JUMPER ASSEMBLY 4
{H-2-818505) B
TR g
NoR . 4 -001 PLATE. THK ASTM A 36 BB
5 1 : —_ 4 002 - PLATE, THK ASTM A 36 BRI
IDENT NO : 2 -003 PLATE, THK ASTM A 36 31e
& WEIGHT | 4" st-100-us, 1 004 - PLATE. 1/2" THK ASTM A 36 3[e
PLATE. 1" THK » 11 5/8” DIA | ASTM A 276 304L | 3 | 10
E _ 2 R %% 2R
N ’ 1 {007 PLATE, 3/8" THK ASTM A 36 3|2
N . 13
]
IS & /
N U INST CABLES 1| He2-32440-2 NN, VERT 4 1+
B Y 241-C-06A 1 [ m2-00187-2 oMNM.m.,\m : M § 15
-2~ - N LE. MALE 4
o - PUMP PIT -
. 1 | H-2-3897-8 GASKET 4" TYPE 111 16
| KEY PLAN 1 [H-2-3194-4 KICK-OFF PL. 4" STO ROUND 17
¢ SCALE: NONE
3 18
]
SEE NOTE 6—(57) R 1 | RB350-250 CONDUIT RER BUSHING, 3 1/2" x 2 1/2" | APPLEYON ELECTRIC 19
> 11| pe1362 PUMP. IN-LINE 3" INLET PROCUREMENT 20
D - & 3" oUTLET SPEC W-320-P17
- —i_ll_ V| BN 6w o | PRESSURE SensoR, 37 RED VALVE €O, InC 2
! 1 [ #e-1363 PRESSURE TRANSDUCER. (PE} CONSTR SPEC 2
) T SEE NOTE 7 1747 NPT W-320-C5
5 CABLE FITTING. 2 1/2" MNPT x -
. ; 2 | ccBro13 GABLE FLTTING CROUSE-HINDS 23
> | CABLE. 3C, 4/0 AWG, W/ GROUND, | ROCKBESTOS 2
P62-0404 RATED' FOR 90°C. 30' € FIREWALL 111
CABLE, 3C. #16 AWG
o oETaIL F s 3 5 | 2433 Wi/ OVERALL SHIELD x 25 L ALPHA 25
POWER LEAD TERMINAL BOX CABLE_FITTING, 3/4" MNPT x
_ ; ‘ _ _ _ 3 | cos2e3 CABLE FLTTING CROUSE-HINDS 2
H " H 1 [oL150 CABINET ADAPTER, 1 12" 0-Z/GEDNEY 27
(HOSES & WIRES NOT, SKOWN FOR CLARITY T 1 | cser-1soe-1 CONDUIT SEALING BUSHING, 1 12" | 0-2/GEONEY 28
' 1 |vicTos0amcomc-300 | HOSE. ASSY 1/47 10 FuLEx IMPERIAL EASTMAN 29
. : - DETA 1 3
1 go mm»mw.m.% mwS TERMINAL BOX AR | #1507 m»rm rmmamm%z SPRIAL WRAPPING | o anputy 30 fa—
O S ee g T,
M
TERMINAL BOX CTPINE FrANTERRERENCE WITH AR SEBLELNIC, MRon MY CROSS | oot 3
5] AHER FIRAC RotiIontnG
| ¥ . . COMPRESSED FIBER
» 2 GASKET, 3" FLANGE, 1/8" THK CARLOCK BLUE GARD 32
i @ (CONT ON SHEET 2)
¢ NOTES:
1. FABRICATION AND TESTING SHALL BE IN ACCORDANCE
& WITH HANFORD SPECIFICATION HS-BS-008%, REV 8.
2. HYDROSTATIC TEST AT 480 PSIG.
. e P OF 5 3. JUMPER WEIGHT IS 3750 L8 APPROX.
4. ROUTE CABLES APPROXIMATELY AS SHOWN AND SECURE
TO SUPPORT STEEL W/PN 31, AVOID IMPACT WRENCH AND
— LIFTING BAIL AREAS.
. 5. USE {1) COAT OF AMERLOCK 400 IN PLACE OF AMERCOAT 187
. (30 sce note s PRIMER AND AMERCOAT 33, WHERE REGUIRED BY JUMPER
B FABRICATION SPECIFICATION.
. PES 6. SEE CONSTRUCTION SPEC W-320-C5, SECTION 13440 FOR
&% FILLING INSTRUCTION AFTER ASSEMBLY. AFTER FILLING,
o REMOVE HANDLE FROM BALL VALVE IPN 7).
) Lot 7 g - 7. TRIM CABLES FURNISHED WITH PN 22 TO 25' LONG
5 —“ng GCONNE 4 ¢ E (639 9329 PRIOR TO INSTALLATION.
e o & TIE EACH END OF TEFLON SPIRAL WRAPPING (PN 30) WITH
— ¥ ge NYLON CABLE TIES (PN 31)
a° 9. PRESSURE SENSOR (PN 21) SHALL BE SERIES 40, FOR CLASS 300
= FLANGES, 316 SST, EPDM SLEEVES. WITH 174" NPT PRESSURE TAP.
FURNISH WITH 100ML OF SILICONE OIL IN A SEPERATE CONTAINER.
9 SEE NOTE 4
— ()P of 2
"SEAL INLET" 92., oF 2
TvP OF 8
ELEVATION A-p &
— G of 32
@.Ibwmmzwr< TR T T
N SCALE: 1 1/2% 170 pr o U.S. DEPARTMENT OF ENERGY
= o S S O
br_SEE_DRZAT FoRM :
B Do, JUMPER ASSEMBLY
s w#SEE_DR/AT FORM nvxz_u. _uHAAV
RAWING LTST L jwos ~06A-8-(A
HNF-2474, Rev. 0 DRAWIN - E— E e T 3 [rom —W320 TANK 241-C-106_SLUICIAG
_ o = A T, wi T
Page B-15 == e o oo T B508AR1 1
e et Toor owo o 11-2-818534 cons  BEGBART __Joo e 25 TAMACOZI 5.0 Ty e —WHE “Se wnt SHOWN _ [mwm ERAS10 e i @ 3
o

8 7 3 5 » 4 3 2 PLOT SCALE: 198 | KEHCAD 1 sl SRBSD



8 7 3 s 4 3 2 1
A5 REGD T0 CENTER PN 33 PARTS/MATERIAL LIST
BETHEEN MOTOR COOLING STy PART/DASH NUUBER HOMENCLATURE/DTSCRIPTION MATERS AL/REFERENCE  [SHEET] LTEY
(CONT FROM SHEET 1}
ASSEMBLY IR
LIFTING FRAME SUB-ASSY 2
TYP 4 PL PUMP BASE SUB-ASSY 3 F
%
8 STUD BOLT, 3/47-10 UNC-2A x
32 NUT, HVY HEX, 3/4"-10 UNC-28 ASTM A 184, GR 8F 303 37
o DETAIL B 3 MACHINE, SCREW. 12713 UNC-24 | SAE 4425 GR. & P
YP 4 PL x 7.
B SCALE: 3710 3 NUT, HVY HEX, 1,/2°-13 UNC-28 | ASTM A 563, GR B 3
QETAL Do ApPROX 120° APART 3 NUT, JAM. 172713 UNC-28 ASTM A 563, GR A <
41
2-2 1/2"% /8" 10 FIELD VERIFY
MOTOR COOLING FINS DO NOT 2
EXCEED DIM SHOWN)
PLAN AR w4 x 13 ASTM A 36 43
AR FLAT BAR, 3" x 172" ASTM A 36 4s | E
3.2 347 AR FLAT BAR, 5" x 3/4" ASTM A 36 45
(OUTSIDE OF wf) 2 BAR, 1 172" DIA x 4 7/8" L ASTM A 36 45
17 378" AR 8AR, 3/8" DIA ASTM A 36 47
@O)rer 4
AR PIPE, 10" SCHED 405 ASTH A 312 GR TP 304L 9
AR PIPE, 4" SCHED 40S ASTH A 312 GR TP 304L 50
AR PIPE, 3" SCHED 40S ASTH A 312 6R ¥P 304L 51
1 [ss-8-rB-4 RED BUSKING, 1/2" NPT x 147 NPT[ CAJON 52
2 ROCR £LB 90° 1R, 4" x 3", SCHED 403 BW| ASTM A 403 WP-S 304t 53
N 2 FLANGE 3, 3008 RF WN ASTM A 182 OR F 3041 54
S ) LG, 378" NPT ASTM A 126 GCT 55
e f W«M»erm e 7 | ss-a-s1 STREET TEE., 174" NPY CAJON 56| ©
=|F . & 1 | ss-43m3 BALL VALVE, 174" NPT WHITEY 57
= = = 1 | 55-4- PIPE CAP. 174" NPT CAJON 58
=i Lo & < : -
4 B [
3 w@/ = % iV
e N P
& N ) la—-
I i ELEVATION
A 3 PUMP BASE SUB-ASSY
B 23 1727 perar D SCALE: 2= 10"
= TYP 2 PL 1/16" CLEARANCE
n AL AROUND
L c
-
™
PLAN
REF
ELEVATION ELEVATION
LIFTING FRAME SUB-ASSY o%»ﬁ)%% :
SCALE: 1= 10"
\\||/ l%o.ul\w.. , NOTE: 8
_..' .M P 1. FOR NOTES. SEE SHEET 3
1 x 45" CHAMFER x
TYP 4 P h
|
I |
3 —
5
G N —
" NS ni3 ELEVATION
1.9/16" DIA THRY % @5
IN BOTH OF FLANGES 3
DETAIL D
- — SeaLE: [ By MEVER st EX o 3 I
_-' pes e U.S, DEPARTMENT OF ENERGY A
beoas RICHAND OPERATIONS OFFICE
Lo SCE_DR7AT_FORM amgu_mwwm.)ﬂvwm_mvmﬂmoi
Fw» _SEE_DR/AT_FORM
_ELEVATION ELEVATION bux ~SEE_DR/AT_FORM PUMP _uHH._‘v
o C-06A-B-(A
DETAIL C . — 0] e T Y] Tl {mae w320 TANK 241-C-106 SLUICING
SCALE: 3=1-0" — = KA e TRTREET 7
[0 i o LTy s T T T l2arec| secs
HNF-2474, Rev. 0 o AT LT [ o = o o B508BR1 Tew o 2B:1BMACD2:12.0:NN_ | 703N Jrn WHC e [ SHOWN
a2 nNIir H | 3 _ 5 3 2 PLOT SCALE: 1812 _xnzo)o ’ s, VAR
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Series 1400

C\/cw Fump 1N Sump ) e

In-Line Bearing Frame True Line Pumps

= Partial emissions
hydraulics for optimum
efficiency

— Heads to 700 FT (213m) at
3550 RPM with a single stage
® 700 Ib. casing
= Back Pullout feature
= Mag Drive option
= High speed designs
available -

* Variable speed options
available

S 1400 2" x 2° - 13" Vertical In-Line Pump

Figure 1

Optimized Low Flow, High Head Performance

True Line pumps from Lawrence
Pumps Inc. are designed to deliver
long term mechanical and hydraulic

<liability for your low flow, high
head applications.

Designed to API-610 Standards
Mechanical seal life is extended
because the robust shaft design.
combined with low radial loads
minimizes shaft deflection
Alignment berween the pump
and motor is guaranteed by a
precision machined fit

Liberal internal clearances and
reduced radial thrust virtually
eliminate the potential for any
internal mezal to metal contact
Extreme temperature designs
availuble (-50°F/-45°C to
700°F/370°C)

+ Back Pullous feature allows ease of
maintenance withowt disturbing
the mozor or connecting piping

» Seal chamber design accommo-

ingle. Double and Tandem

cal seals

e seal flush piping

;\;-r-.mge ments available

Tbe“ are no close clearance wear
ting box bushing, and
ciearances on both the

ack of the impeller are

¢ design will withstaad
J process upsets. or loss
eal lubricazion is

HNF-2474, Rev. 0
Page B-80

Improved Process Pump
Performance. Reduced
Total Cost of‘ﬁwnership.

High efficieacy at low flows
Stable operations at 2ll design’
points

Minimum shaft deflection at
off-design flows
Reliable performanc:
process upssts

» Low maintenance from high

= TrueIn- Lme with suctionand
discharge flanges on same plane
Low NPSH characzeristics

LAWRENCE
PUMPS INC.

ﬁ/é/qs’“



" NEMA FRAMES 182HP - 449HP — (Sea drawings below.) - Dimensions in mcheslmlllmeters

. CAST IRCN TERMINAL 80X A8 8y SHAST AXD XEY
Fawel P 1 T L Aa] A3 JAC T A1 A2 Taxizi {83} 30 | BE | BF [ STD LGi3i| Aty | ST0 [uBS1] ¥ | Ul [EURI MM LGTRISA.KEY|
< sade | 950 tae .75 7751831 | 194] 992 8250 .19 §10.00| 62| .44 |17.55 19.56|2.750] 9.38)10.12] 2.751.1250( 75| 1.16 | 1.28] .20
241 35 5 1871 1509493 232] e {as 25411591 11 436 4341353.350 238) 257 69.3|28.575{22.22] 29.5 132.5{ 6.35
- fLisHe] 9504 1,44 .75 7751 6311 1.94] 912 8.250] 19 f 1000 .62 | .44 |18.55 20.06 9.88110.621 2.75 [1.1250{ .875] 1.16 | 1.28} .250
214365 130 1971 18014937 232] 21048 U159t | 4 K9 251) 2701 €3.8128.575122.22] 29.% | 32.5| £.35
-2334P 110,50 ) 1,44 11001 9751 7.754 2.50| 9.2 8.2%0 .19 [0 | 62 .44 l3.50 2325 9.75110.62 | 2.75 |1.9250] 875] 1.38 11.28{ .230 | 175] 1%
A 25713685 | 2540 2281 1576351 232] 210 (|48 25311551 14 542 2481 270 | €9.3[28.575{22.22] 35.0 132.5] 6.38 3] %
~215HP1 10.50] 1.4 11051 975 ) 775 | 2.50] 9.12] 8.2%¢] 39 [ vocc| 2] a4 f2u 00 21,831 2.750110.50110.94 | 2.75 {1,325 .875] 1.28 [1.23] 280 | 200) 235
2571365 12541 243 1878535 ] 2321 25043 254115917 111 €33 seoleaas) 957) 273f £3.3128.575)22.220 3.0 | 325} 6.35 | 9l W7
2saHp | 13.231 225 1 128 1009 f 822 | 2.58f s.92f 8.250] .19 froco| 62 s — lersahes] = |arsirazet .ars) 175 [1.28] 250 | 215
352)57.2 {3181 259) 209635 | 232] 0|4t 25411591 1.1 S — |693s] 275] — | s9slvasislaaza] 4t a2s) 635 s —
2sadp {13.831 225 | 12501039 | 822 2.50] s12] 8.250] .1a facoe) e2) asf2e89 — |27 59 — | 27s111250) 875 1.75 [1.23] .20 |, 245
3s2{57.2 i8] 289] 209)535| 2321 20442 284} 158 | 101 ] 627 . - ] 63.8123.575[22.22) 44.4 1325] 635 | AN
asaMp [ 15508225 115 | 32.00] 955 3¢0) $.12] 8.250) .25 | 10.00 &3] a2 XZ 28 F — J2.75)1.1250] 875{ 1.75 {1,281 .2%0 | 270
394572 31 S| 2437521 232] 210 J €4 2% {1751 111 31| — | 63.8[23.575422.22] 44.4 1325} 635 | 122
ossp 15530225 |15 [ 9200] 656 ) 300] g.a2 82saf .25 [ 1ec0) 65| a4 j2r38 — [27%0[1300] — | 2.75[1.1250] 875| .75 | 1.28] 250 | 32
3541 57.2 381 _3es]| 2930762 232] 210 |64 w1175 ) 1w ) €55 — 169851 33e] — | s3.8lessisizaza| aad |32.5] 6354 14
2anpnia5.501 2.25 1 1.5 | 12.001 9.55 | 3.00 |¢.75 13500} .25 11650 88| 6902588 - {4.500]12.28] ~ | 4.50]1.620] l.2£0 175 | 123 .375 300
J93157.2 38] 305| 2437621 3754 34364 ) 492)122.20175] €57 — 4] ] — 114] 413 el 77 136
2864, 15.500 225 1.5 112000 9.56 | 3.0cf1475fi3.800] .25 [16.50) 88| 69 }27.38 ~ [4.506]03.00] — { 4.50}1.6250]1 250 1.75 | 1.28 375 30
522 31 3051 243[762] 375 343164 492422.2 | 1751 €35 4] 330 — 134] 4131 313 48 77| 9.5 ]°Te9]
324np | 17.757 225 |2 14.69 110.94 | 3.63[14.7513.600] 25 L1650 | 88| 69123.66 — |4.500]13.50) — | 450]1.6250[1.250] 2.12 | 3.03] .375 | 480
4511572 150.8] 373 27819210 375) 3ta {64 | argfe22frs} 738 — | 14 3a3] — | Tiafsarzrsiaiys) 533 |77.60 8.52 | 218
3P | 17.75] 225 |2 1463 110,94 | 3.83f14.75113.500) .25 {15.50 [ .88} 697308 — [4scof1a2s] — [ 450 [1.625001.250] 2.12 | 3.03) .375 | 530
4511572 12081 373 273|921 | ar5| 3|8« 419122211281 776 — N4l 32| — 114[41.275131.75} 53.8 | 77.0] 9.52 {240} —
sanp | 2050 [2.25 13 | 17.94 [33.75 | 2139 75]13.500] 29 [16.50 | 88| .69 [33.38 — [s.coc[1838] —~ | 4.50 |1.6250[1.250] 2.25 |3.03] .a75 | 680] — -
521 57.2 761 456 3491 105} 3rs{ 343 |62 4191222 1725 | &7 — N4} 390] —~ 114]41.275}31.75| §7.2 [ 77.0] 9.52 | 299 —
365HP { 20501 2.25 |3 17.94 11378 | 4131147511250 ) 25 J16.50 ] 8a] .69 13338 — [4.500]1538] — | 4.50]1.6250[1.250] 2.25 | 3.83] .37 | 70| —
521 187.2 76 4% | 345 fO5] 3751 3 (6.4 41812221175 | 87 — W I~ 114141.275[31.78] 57.2 [ 77.0] 9.52 § 322 ~—~
204HP (2262250 {3 19.19 hisCo | 43| 179035000 25 (16.50] 94 8913509 — [asce[1sa2f — [ases.625%0)1.2500 2.25 [3.03] 375 | 9s0} —
5751635 78] 487 | 381 105} 375] 343 [6.4 419{2381 175} 893 — 114] 84| — 114}41,275131.75] §7.2 {77.00 9.52 | 431} —
dosmp 12262125 |3 19.19 115.00{ 4 13F 1475 13,500 | .29 | 16.50 ] .94 | .69 {3519 — 35001582 — |45 {v.625001.2%0) 2.25 | 2.03] .375 frorsf —
5751635 7S] 4871 33111051 375{ 364 4191233 175) 83 - N4 8| — 314{41.275{31.75} §7.2 { 77.0 9 52 | 488) —
aunp (2550125 {3 2243 137,371 6.00]14.25113.500 | .25 | 16.50 | 1.06 | 63 [4088 — 4.50)18.00] ~ {450 (2125 |1.750f 2.25 | 2.03] .500 [t405] —
8431 63.5 76| S62 | 41| 152| 375 34384 419127.0 | 17.5} 1038 — 4] 457] — 184150.975044.45] 57,2 177.0} 12.70 | 637§ —
asur 12550 2.50 3 2213 112.37 | 6.00114.75113.500 | .25 | 16.50 [1.06 | .69 {40.88 — j4.500[18.00] ~ |40 102125 [1.750] 2.25 {3.03} .500 [1555] —~
131639 | 780 562 441] 152 375) 43|64 ] 4191270975 1038 —~ ey 57| — 114153.975144.45] 57.2 | 77.0[ 12.70 1 705 —
aTHp [ 25251250 | (9) {23.37 (13,321 7.00f14.75113.500 | .25 116,50 | 1.06 | .69 {43.08 — Jasoal22.25| — |a.50(2.925 [1.750] 2.25 [3.03] .500 [2%00] —~
&1 1838 34 «60] 178 | 3751 343 {54 419]27.0 | 17.5 {1254 = 4] 565] — 114[53.975[44.451 57.2 | 77.0} 12.70 {1314] —
4agHP | 25.2502.50 | (5) [23.37 [1s.12 | 7.0001475113.500 f .25 116.50 [ 1.06 | .69 {49.38 — |4s0ai2z.25] — |4.50}z.125 $1.750f 2.25 [3.03) s00 [2900] —
5411635 M) 460} 78| 375} M3 [6.4] 419027.0 1175 {1254~ | 4] 885) — | Tafs3orsiaras) 572 1770 v270 {1316] —
)"0 Varies {-—-v: 10 2.125 +.0000, =.0005 53.975 +.000, —.013 {3)"EU" Varies +.000, ~ +.00. -3
ot —2.125and larger +.0C0, —.001 53.975and targer +.00, =03 (4)“AH" Varies ».030, — €30 +76. 125
AK® : —180 HP,—250HP, +.0C3, ~.000 +.08,—-.00 CAA" ;4% (1 201 amps, 5° (127 mm) @ 338 amps, &°
(2)“AK" Varies {_mHFH‘_WHH_m.__M 1989 g)nA':m)Vsﬂeswnhpl:lllozdamps (120mm) @ ps, 57 ) p
-7 Tacerunoutand ~182MP ——445HP, 004 Max. T.LR. .10 -~ Maximum permissidla shatt runout when measured at and ol:haf( extensionis 002Inches
zcentricity —447HP —449HP, 007 Max. TLR. .18 (051 mm) Max. T.LR.(.003 inches, .076 mm on 447HP —

. it mounting clearance Is required, consult factory.

NORMAL THRUST, TEFC Above NEMA 350 — 400 HP

5013? Frazzle, 4‘20 Volts 58’10P2:rame, 2300 4?5:)0;/001!5 x 5010P Frames
= 25 | 30 |-
e | 3w | n : Far | ties | 1783 | 367 | 3570 3578 | 460, 2300, 4000 Volts
| Sewe | 1773 | 173 e | w0 | vie | ir | e | are m 3-Phase, 60 Hz
i »
Fn 108 0102
| e | 8 50107 | 30107 | 50107 | 50107 |s010P L 1.0°S.F., Continuous Duty
YTy ma s a7 e | 50107 | Saoe | Sanoe | 5010° | atep nu 40°C. Ambient .
Post | 70 |72 el T e e T TiE m Class B Insulation
Lo Bl I =T IR R E Ball Bearing
r Solid Shaft
: 700 ag T
“ 937-5 &8 ! ki
AH r 14,00 &
4 335.6 g+
—
L= 177770 TN
u-.37s—1-————| s | N ! 2fs st AK :
U-9.5 u-, 1'9 1 ot
p——24.50 T4 ¢ 7
F{4 HOLES 53 fw iyl Tds AH
U=\
l—80—N\-xEY .
ABOVE NEMA 5010P — Dimensions in inches/millimeters
RPM WT.
x| v | v s | a | oa | axn | oes 80 B | 86 | w sF [ E3. | LT (LBS/XS)
IR0 | 2975 | 675 | 843 | 675 | 1975 | 13500 | 25 | 2800 | 175 | 1044 | 443 | 6T | 685 | 4 | 620
300 | 6023 | 171 | wsar |an | o3r | s | 64 scs | 45 | ass | n3 | e | 1sds | ve2
QTGP | 180 | 3975 | 6.5 | B2.5 [ B25 | 1975 | 1950 | 45 | 20.00 | V.75 | V158 | 644 | €87 | 875 | 50 | 620 .
Ngp | a0 {8573 | a7y faser | ame | oard | w3 | 64 08 1 45 | «5 | n3 | 18 | Za3 | var | 2360
{1} This Cimension Varies » .605-.000 ~ 13 - &; Conduit Box can be rotated 360°in 90 ° steps. MAXIMUM FULL A (4X8)
() This Varies » 000, - 201, -8 M mounting ctearance details are required, consult factony, LOAD AMPERES PIPETAP?
{3) Customer to érilt hele in Concuit Eox. Maximum sermissidle shalt runout when measured at end 201 4
{4) Face Runout anc Ezcentricity .0C7 (.18 mmymax. T.LR. of sict. shalt extension is .0C3(C8 mm} T.LA, 335 ]
{5} ¥4 NPT for scace heater leacs, 600 [
HNF-2474, Rev. 0 “On S010P frame, customer to el hate in ]
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CONNECTIONS: .
1/4-18 NPT ~ ALTERNATE LUSRICANT INCET TO
THRUST BEARING 1
1/24-18 NPT ~ OIL OUTLET FROM BEARING HOUSING
1/2-14 NPT = INLET TO SEAL THRU AP1 PLAN 11
FROI PUMP D] SCHARGE
W. FLANGE — CASING VENT
17214 NPT ~ SEAL VENT
1/2-14 FT - SEAL DRAIN
174-18 NPT - OIL MIST INLET TO BEARING HOUSING
MOTOR COMNECTION FOR POWER LEADS

3/4-30D LB, R.F. S.¥. FLANGE - CASING DRAIN
{COVERED ¥]TH BLIND FLANGE)

NEAEENEEE

PUMP BOD LB
©@ MCIGR QLZco 492 LBS

/ i TOTAL 3zo0 1333 LBS. APPROXIMATE
A
“‘l DRIVER DATA:
© A5 HP - 3800 RPM, T.E.F.C., VERTICAL ELECTRIC
MOTCR, RELIANCE FRAME NO.'326TC
_! NOZZLE LOADS: Fy
ui SUCTION & DISCHARGE
< d Fx 200 LBS.  Wx 340 FT-LES. My
e Fy 130 LBS. My 250 FT-LBS. Fx
ew T IS0 LBS] Mz 170 FT-LBS. S, W
1 NOTES:
LY i ] FOR ASSEMBLY. SEE DRAWING NO.C4S010.
ey - 2 FOR PARTS LIST SEE "LIST OF COWMPONENTS™.
0 LoTS .3 AL FLANGE CONNECTIONS TO CONFORM 7O A
NB D ] FORILIFTING FACE FINISH OF. 125 RMS.
c~§ 8 i ’
8 ]
(5] (2]
-
o
<
(<]
23
° =
w
I DISCHARGE
2.00-300
+ R.F. FLANGE
288 3
R,
€ !
1 A i
! , =
TSUCTION —~/ |- 1e.ad®2:88._ 1o %008
2.00-300 LB i
RIF to
HOLES
FONCATION BOLTS
i .
i
!
{
i
LAWRENCE )
PUMPS INC. TRUE"'L INE SERIES
e S1ZE D nat KO CUSTOWER: [Pae ASSHe;
SERIES: 1400 i { PURCHASE, OROER NO.3 [ PLA® PARTS t15T: .
MIOEL: Ja4A PP SEATAL MOt -
&Y S BAN OIS BECREASED B.50 ] v: 7 =T
1 _[MOISRERAM GTCR waAS 325 1o rM\g_g(:ay- RAE 11755708 ATRID. ¢ PUMP ELEVATION
ERENIES o DESSRIPTION 2 CERTIFIED BY:
2. REVISIONS ATE: 2100V 86 DATE: s 0. O 4501 1
HNF-2474, Rev. 0
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RED VALVE €O INC L1E

FFesSHire oensors

= ?L334bL2 0001276 TS2

F-03- 23

P- Protects and isolates insrumentztion

> Full 360° pressure reading

P Self cleaning, fiexing action

P Won't clog like traditional dizphragm seals

P Excellent pump protection

> Accuracy, 2% of instzlled instrument

Materials of Construction

»Carbon Steel, Stainless Steel, or PYC body

P Sleeves availeble in Pure Gum Rubber.v
Neoprene, Hypalon, Chlorobutyl,

Red Valve's complete line of Pressure Sensors
isolate and protect instrumentation from the
process line, providing accurate, repeatable
instrument measurement.

Reliable, accurate instrumnent readings are often
difficult or even impossible to obtain on
pipelines carrying slurries, solids, or chemical

" process slurries.
. With Series 40 and 42 Pressure Sensors, line

pressure is sensed 360° through the Sexible
rubber sleeve. The captive fluid is displaced
through the pressure sensor body to the
instrument’s bourdon tube. Instruments are
isolated and protected from the process assuring
positive and accurate readings..

The thru-bolted Series 40 can be
mounted in any flow direction,
submerged in a tank, or mounted with a
blind flange as a dead end to monitor
tank Jevels.

The threaded end model Series 42 is
available in sizes 1/2"-2",

Two Pressure Sensors with a
differential pressure switch can be
used 10 monitor pressure drop across a
filter or pump. They can also be used
to send a signal to shut a pump or

open a by-pass valve.
Polyurethane, Buna-N, Viton and EPDM
> ANSI Class 150, 300, 6007
"
Series 40
VALVESIZE LENGTH BODY O.D. WORKING PRESSURE VALVE WEIGHT
D FtoF A {psf) (bs)
1" 1-3/3" 410" Y200« T [ [
1127 1.7/5 5 200 . R |
2" 149787 NG ‘200 . . 2
2-1/27 1.7/58" 7" - 200 36
3" 17/6 FAY 200 18
4 2-1/8" 9” 200 27
5" 2147 10" 200 32
6" 2147 1" 200 37
8" 2727 13972 209 ; 53
10" 2-3447 16" 200 BT I - 79,
12" 3" 197 208 : : 128
15" 3 21" . 20 - 157
16" 5 23127 200 190
18" 3 25* 200 250
20" 3 212" 200 185
24" 3 32" 200 220

By

HNF-2474, Rev. 0

RED VALVE CO INC

Page B-83



8.3 PUREX and Hanford Nozzle

SD-RE-DGS-002
Rev. 3

CRITICAL DIMENSION

y / POINT

Page 66 of 122

\,1.
S

A
N I
A N , A N
L \ \mm%
N B | N
IN . \
N N N I \ﬁzzzé
g\oopzzm N2z
N \ }
] - y
, Y N
: !
HANFORD NOZZLE PUREX NOZZLE
Size Type A B V\(/l;lsg?t Drawing No. \
2" Hanford | 3-5/8 5 H-2-32705-9 1%
3" Hanford | 3-5/8 3.5 H-2-32705-8 g7
4Way | Hanford | 3-5/8 6 H-2:-32705.¢ e
1 Purex__| 1-7/8 15| H2.901842 3 cp/i -
2" Purex 2-1/4 | 329/ 25 H-2-90186.2 B
3-Way | Purex 2:9/32 5 H-2-32447-1 o B
3" Purex 3 J 1413/%61 85 H-2-90186-2 2N
4% . T Purex 3-3/8 | 55/32 117 | H-2-50187-2 I
*Ses Drawing for Dash Number. - 2

HNF-2474, Rev.,
Page B-84
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SD-RE-DGS-002

Rev. 3
8.4 .Kick-Off Plate
¢ B¢ ——n
172" R TYR
’\ I
% £33 A ¢ £33 “A
N \j—(
Ly .
v\ 1]

L 8 ]
TYPE SHAPE| SIZE | WT# | A B THK. C.S. P.N. SST. P.N.
PUREX sQ. 1 4 1-25/32] 6-1/4 3/8 MH-2~30600-2 H-2-30600~1
PUREX SQ. 2 3.5 2=-21/32} 6~1/4 3/8 H=-2-30600~4 H=2-30600~3
PUREX SQ. 3 12 3-25/32 11 3/8 H~2-30600-8 H-2-30600-5
PUREX §Q. 4t 18.5§ [4-27/32 13 3/8 H=-2-30600-8 H-2-30600-7
PUREX RD. 1 3 1~25/32 [ 3/8 H-2-3194-1 TYPE If H-2~3194-1 TYPE |
PUNEX RO. 2 2.5 221422 6-1/4 3/8 H~2-3194-2 TYPE Il H-2-3154~2 TYPE |
PUREX RO. 3 9 3~25/32 11 3/8 H~2-3154-3 TYPE Il H-2-3194-3 TYPE |
PUREX RD. 4 12.5 4-27/32 13 3/8 H-2-3194~-4 TYPE I H-2-3184-4 TYPE !
HANFORD sQ. 2 12.5 2-7118 11 3/8 H-2-74755-11 H-2-74755-1
HANFORD sQ. 3 12 3~5/16 11 3/8 H-2-74755-12 H-2-74755-2
HANFORD $Q. 4-WRY 13 ? 11 3/8 H-2-74755-7 H=-2-74755-7
HANFORD RD. 2 9.5 2-7716 11 3/8 H~2-74755-16 H-2-74755-6
HANFORD RO. 3 9 3-9746 11 z/8 H=2-~74755-17 H~2-74755-7
HANFORD RD. 4=WAY 10 ? 11 3/8 H=2~74755-7 H-2-74755~7

HNF-2474, Rev. 0
Page B-85
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KAISER ENGINEERS Cale. No.

MHANFORD Revision o)

DESIGN ANALYSIS Page No. __| of |

Client )4y ¢y WO/Job No. 1} =32 [
Subject {inPER CRI{TICALS, ENR Date p.20.9%5 By ©,PrCk,
U-2-B1READ Checked

Location <, UCE  PIT Zq..\_y{ [SYAR Revised
[ i [ |
818545 e (ze\y\eu) -]4\ }
L. T 8'\8494 il (zax%&w e
i R« zl-axs‘!-‘)a su\(zemew 1YL
i e z.-a’:ﬁ‘?")‘} snzl(zsmsw 3‘) o
i ’ ; :

o

B RO SO S Y

{ !

o

S SOV N

\6
{5

'\
Y

1]

137.00 0619:

A

L 9.5 HNF-2474, Rev. 0
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% * KAISER ENGI/INEERS
HANFORD
Y JUMPER CALCULATION
Joano.EK‘}_ai;q }—/'Z g}gé_OB b - 13 _7b~ 4/4&
BLDG. NO. 24/__/7)/ BYﬂ’ CHXD,
~720 Y >
WEIGH X ~ X AXIS Y - Y AXIS
PART DESCRIPTION ‘ Los. MOb:;d.ARM /MO):::S'I: MO)TN.ARM :«No.ML:BNs'.r
- - 2" g covnd 86,981 2,187 22 || 19.62 | 17065514
wWEL| s 2 Lwrs 2073 2L T, L [12:£ 7 26,12
C .
D
E
F
G 4297 127798 62280
H se 3[4 4 sz7me2 | 4 12734033 ¥ 4 &to5,52
J e
K s)(KYI/T 5\ F.09 31,5 2¢6.33 1287 116,99
L
M
N
P
Q
R
S
T
Y 44 128238 653273
|2w= 437572 | sux- j29945.32] | suy 629064
__ IMx 2=9,27" 5= 2Ny /L//q';zé”
X=2w = ‘ o ” ?// =2~W = »/
29,239 9 2% 19 557 O
coerr.or.| At AX AY AZ
exp. / OF oF Ez:::::«c EXPANSION Ez:;:::«c EXPANSION EXLPEANNGD_;:G EXPANSION
JUMPER
VESSEL
DUNNAGE
TOLERANCE / /
AX= AY= AZ=
HNF-2474, Rev. 0 - . KEH63 (3.82)
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f X KAISER ENGINEERS ‘
B 50 4_& HANFORD |
%\k Y JUMPER CALCULATION |
\é\\)} am.fags’?.; 1H-2-g1§503 = &7 Qf_ I/[7/‘ |
Uy 24]1-AY | BAM o veme |
(\/l;‘ X Fa i
% X - X AX1S Y -Y AX
WEIGHT 1S
o S oee . e o ovas
Ut - 4 | y'potne Goww | 128 &z ) @ o
Aqe | ¢ MRE ool 2 | 38,25 | 4590.0| 58, ¢7 70644
¥ B c |z M oo | 2,5 & 7 1€.37 45,92
O 1 ZVNKY (Romd) | 2,5 Y @ _1%.27 H5,92-
< Pl e [ weaee (ww)| 12,97 HUR. b2 | 625,74 || 58,87 | 75765
Y > L F [ wirwe %282 | 55,51 | /561 43 43,19 112/7.9¢
—~ | S | 4y 2"pocn 3 55,37 | 1bbiil 25:8 | 7l 5
L B LA 28N
il T EP | 5537 | | 19,69 |40t039
AL 2=NP Pers wD \ | 36 1993 709
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SERIES 3560
REMOTE ELECTRONICS

]

—— 1 RIVI
cono ki PNEUMATIC
PURGE
ELECTRODE =
SIGNAL SIGNAL
our
(1,000 #. Max,
Cable Lgth.} 115V ac

WalerMag
ELECTROMAGNETIC
FLOWMETER

Figure 4 Typical Installation — Series 3560 Remote
Electronics With Waler-Mag Magnetic Flowmeter

. 3. Foraccurate operation, it is mandatory that the flow-

meter be installed so that the flow tube will be com- -

pletely full of process liquid under all operating condi-
tions. When the meter is only partially filled, even
though the electrodes are covered, an inaccurate
measurement will result. Refer to Figure 5.

It is desirable that the meter be installed in a vertical
pipe run with flow upward, refer to Figure 6. In slurry
applications, the vertical position insures a more even
distribution of solids under all flow conditions and
minimizes the chances of suspended solids adhering
10 the flow tube.

OPTIONAL
(NORMALLY CLOSED)
Flow BY-PASS VALVE
e ——— —— — T
e e
> OnY
——te SQf e

) ISOLATING $A
SRV 1SOLATING U3

VALVE

(FULL
See) (FULL OPEN)

A=4 OPTIONAL OPTIONAL 4, ’33
{3

FLOWHEAD

l 2 PIPE

5 PIPE
DIAMETERS
DIAMETERS STRAIGHT RUN

TRAIGH UN
s('upsﬁ,,;‘:,” (DOWNSTREAM)

Figure 5 Horizontal Installation Piping {Meter shown in
Optional Line Drop)

4. The position of the flowtube inrelationto otherdevices
in the system is also important in assuring system
accuracy. Any upsitream tee, elbows, valves, efc.,
should be placed at least five pipe diameters from the—
flowhead to minimize any obstructions or fiow distur- *
bances.

Liquid Flow Characteristics

The characteristics of the liquid to be metered, the liquid
flow parameters and the environment of the meter are
determining factors in the accuracy of a particular meter,

1. Conductivity - efectrical conductivity is simply a way of
expressing the ability of a liquid to conduct electricity.
Just as copper wire is a better conductor that steel
wire, some liquids are betler conductors than others.
Of even greater importance, however, is the fact that
some liquids have little or no conductivity.

The conductivity of a metered liquid must be atleast 3
micromhos/cm for use with the flowmeter. The con-
ductivity of the liquid can change throughout the pro-
cess operation as long as it is homogenous and
remains above the 3 micromhos/cm threshold.

2. Acids/Caustics - the chemical composition of the
product to be measured must be compatible with the
meter liner and electrodes to assure maximum ser-
vice life from the meter.

Refer to a publication such as the Corrosion Survey,
National Association of Corrosion Engineers, etc., 1o
determine the compatibility of the liner with the pro-
cess liquid. Many process slurries or liquids are des-
ignated by a generic name but may contain other

FLOW
a
L \\
N
Lol opmonaL 1 !
'4' | ISOLATING 1
. V32 vaLve 1
2 PIPE DIAMETERS f b |
STRAIGHT RUN ) 1
(DOWNSTREAM) |
()
3|
— )
5 PIPE DIAMETERS p !
STRAIGHT RUN |
(UPSTREAM) : |
L OPTIONAL
8 L =£ BY.PASS
. ANy VALVE
~'f"v"~__f (NORMALLY
T | cLoseo)
= |
OPTIONAL h 22NN
ACCESS FLANGE ! 44
FORCLEANING | ] OPTIONAL
::’-_-Lg ISOLATING
=223 Tvawve
(FULL FLOW
OPEN)

Figure 6 Vertical Installation
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ORDERING INFORMATION Purchase Specification
The magnetic flowmeter shall be of the wafer body

. 1. M.elersze ial construction utilizing the pulsed direct current field coy
2. Liner Materia excitation to eliminate manual zero verification.
3. Electrode Material ] . -
1. Pressure and Temperature Requxremems The flowmeter transmitter shall produce an output signal *

of 0-10 kHz proportional to flow rate and provide a

(Ambient and Process) :
faclored and/or scaled pulse output. Factoring, toconvert

m
®
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5. Flow Rate {(Normal, Maximum, Minimum) 3 " ) : .

. X to engineering unit output (gpm, liters per minute, m¥/
6. Electrical Requirements hr. etc.), is accomplished by dividing the pulse output
7. Output(s) Required frequency by 1.000 to 15.000 using direct reading detent
8. Liquid to be metered (name, conductivity) “switches (1.000 1o F.000). Scaling is accomplished by
9. Meter Orientation (horizontal or vertical). setting a field selectable DIP switch for divide by 1, 10,
10. Accessories Required 100, 1,000 or 10,000.

¢ See Wafer Mag Model Code Table 6.

Table 5 Dimensions (Meter Sizes 0.15" through 8") with Remote Electronics

Meter Size Flange Size A B [o] D |
inch mm Inch mm inch mm Inch mm Inch mm Inch mm ‘
0.15 4 . ‘
0.30 8 172 15 4-15/16 125 6-3/8 162 3-9/16 90 2-3/16 56

1/2 15 ’

1 25 1 25 9 132 6-15/16 176 4-1/2 114 2-3/16 56
1-1/2 40 1-1/2 40 9 133 -6-7/8 175 3-1/4 83 2-3/4 70

2 50 2 50 9-5/16 141 7-1/2 191 3-7/8 98 3-1/4 83

3 76 3 76 9-15/16 157 8-3/4 222 5-1/8 130 4-11/16 118

4 102 4 102 10-5/8 175 10-1/8 257 6-1/2 165 5-7/8 148

6 152 6 152 11-11/16 202 12-1/4 311 8-9/16 218 6-7/8 175

( 8 203 8 203 12-3/4 229 14-3/8 365 10-11/16 272 8-7/8 225

SOIU04}03J3 B SIBIBNN

A57- 17 11/2"- 8"

Figure 8 Dimensions (Meter Sizes 0.15" through 8") with Remote Electronics

- : HNF-2474, Rev. 0
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Table 6 Wafer-Mag Electronics — Outputs, Performance Options

Electronics Model )
Remote 3570
Integral 3560 CRE Integral/Remote 3580 <.
Outputs, Performance Options Series i Series Il {MaglLite) SMART
Accuracy: +0.5% Rate Yes Yes Optional Yes
21% Rale 0.5% Optional N/A N/A Yes N/A
Output Range: 1-10 mV/Sec. Yes Yes Yes
(For above slated 1-10 #/Sec. Yes Yes N/A N/A
accuracy) 1-30 #/Sec. N/A N/A N/A Yes
Electrical Qutputs: 4-20 mA Analog Yes Yes Yes Yes
0-20 mA Analog Yes Yes Yes N/A
0-10 kHz Unfaclored Note (3) Note (3) Yes N/A
0-10 kHz Scaled Yes Yes N/A N/A
0-1 kHz Scaled Note (2) Note (2) N/A Yes
Repeatability: 0.25% Rate Yes Yes Yes 0.2%
Power Consumption; Tess than 15 Wails Yes Yes Yes
. less than 20 Waits Yes
Input Vollage: 10-30 Vdc Yes Yes Yes N/A
{Note 1) 115 Vac 50-60 Hz Yes Yes Yes- Yes
220 Vac 50-60 Hz Yes Yes Yes N/A
Communications: Hart Prolocol N/A N/A N/A Yes
Bi-Directional Flow Option: N/A Yes N/A Standard
Integral Mounting: Yes No N/A Note 4
Remote Mounting: No Yes N/A Yes
Universal: Integral/Remole No No Yes No
Class 1, Division 2, NEMA 4X (FM Approved) Yes Yes Yes Yes
Features: Most Most Best Value All Flowheads
Flexible Flexible All Oigital Keypad
Integral Remole Flowheads Micio Processor
NOTES:

(1) Series Il Integral and 3580/3570 have

(2) Can use divide-by 10 scaler function to reduce 10 kHz to 1,000 Hz.

* (3} 0-10- kHz unfactored output when factor o

(4) Integral mounting with adaptor

ption board is removed (two-board module).

jumper-selected power Inputs 10-30 Vde 115 Vac and 230 Vac.

fepresents the most vi

able output signals,

The Series it Integral Electronics The newest member of the
ersatile unit Brooks group is the Model 3580
n !h_e Brooks family of Mag elec- *Smant*® Electronics. This micro-
tronics, Multitude of user-select- .processor-based magnetic flow

transmitter offers keypad entry
and display of selectable infor-
mation, aids in flow-tube and
transmitier testing and provides
diagnostic helps in operation and
maintenance of the system and
communications.

The Model 3560 Complete Re-
mote Electronics *CRE" elimi-
nates the need for supplying line
voltage at the flowmeter ele-
ments and allows for convenient,
accessible location. It can be
mounted up 1o 1,000 feet from
the fiowmeter and offers many
selectable features. (Models
3561, 3562, 3563 and 3564.)

The Model 3570, possibly Brooks'
best value in elecironic instru-
mentation, is used on all iowheads
0.15" - 8" and exclusively on the
Magtite. Mounting may be integral
or remote.

Figure 8 Wafer-Mag Electronics

HNF-2474, Rev. 0
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'RED VALVE

Pressure Sensors
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'SERIES 40

RED VALVE PRESSURE SENSORS provide a full
360° circumferential reading of line fluids, while isolating
them from the gauge. The flexible rubber sleeve pro-
vides accurate pressure readings of slurries and other
hard to gauge corrosive fluids. Plugging or chemical
attack of the gauge is eliminated.

A full circumierential reading eliminates pressure read-
ing changes from trapped air or sediment deposits in the
line. Readings taken at one point with a pipe tap are
prone to bridge or clog from sediment.

Accuracy is dependent on the gauge. Red Valve's stand-
ard gauge has an accuracy of 2%. Gauges with greater
accuracy are also available.

Pressure sensors can be mounted in any flow direction.
Flow pressure is transferred from the flexible rubber
sleeve to the gauge through a captive fluid. The sensor
cannot clog because there are no line obstructions
inducing buildup. Build up is fully eliminated by the flex-
ing action of the sleeve which can break off adhering
substances.

Series 40 FLANGED SENSORS conform to
ANSI #125 flange drilling specifications. Class #300,
#600, #900, #1200 flanges are also available. The small
liquid chamber efiminates inaccurate readings due to
thermal expansion of the fluid. Large chamber volumes
are available on request.

The Series 40 is bolted directly in the line during installa-
tion and removal, eliminating costly welding associated
with diaphragm seals.

The Series 40 can be mounted in any flow direction orit
can be mounted with a blind flange as a dead end. End
flange mounting can monitor tank levels.

FEATURES The Standard Red Valve Series “40" Sen-
sor is manufactured with a very small chamber for the
sensing liquid (less than ¥ of cubic inch). The volume of
liquid in the Sensor Body is kept at a minimum because
the pressure reading of the Sensor is effected by the
thermal expansion or contraction of the sensing liquid. if
a larger volume is required for bellows type instrumenta-
tion, it can be furnished on request.

in many applications the process is brought from atmos-
pheric to over 100 degrees. A large volume of sensing
liquid would expand and cause an increase of pressure
because of the thermal expansion of the sensing liquid.

Red Valve Series “40” Sensors have less than % of a
cubic inch of liquid.

Instrumentation
GAUGE, TRANSMITTER, PRESSURE SWITCH

Epoxy Seal

Fluid Chamber

360° Sensing Sleeve

Solid Center Flange

Thru Flange Bolting

HNF-2474, Rev. 0
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EXCEPTIONS: WHEN USING INSTRUMENTATION
THAT REQUIRES A LARGE VOLUME OF SENSING
LIQUID AS NEEDED BY CERTAIN MAKES OF PRES-
SURE SWITCHES, DIFFERENTIAL PRESSURE
METERS, ETC., USER SHOULD SPECIFIY THIS ON
HIS PURCHASE ORDER. (We will then furnish a Sensor
with a larger volume.)

EPOXY SEAL-FILL CONNECTION Red Valve Pres-
sure Sensors are now being furnished with the Cap Fill
Connection covered with an epoxy plastic seal. Preci-
sion workmanship and caution is exercised in filling the
Pressure Sensors at the faclory. All air pockets are
removed with a vacuum pump after which the fill connec-
tion is sealed with a fill plug. The epoxy plastic over the
hole makes the fill plug tamper-proof. The epoxy plastic
can be chipped out very easily with a nail setting tool or
drilled out if necessary in the future,

SOLID CONSTRUCTION Pressure Sensors are now
being furnished with double the “holding screws” to hold
the unit firmly together. This prevents overcompressing
in installation which could change the pressure reading.

Full flange to the 0.D. of the pipe guarantees
that the Series 40 Sensor is centered when
installed and makes installation easier, partic-
ularly for large diameter sensors.

THE CENTER FLANGE IS FURNISHED SOLID AT THE
CIRCUMFERENCE TO PREVENT COMPRESSION.

Filling Instructions Red valve Pressure
Sensors should be refilled with a vacuum pump after the
instrument is assembled to assure that all air is removed
from the cavily of the sensor and instruments. f the
sensor can not be removed from the line or a portable
vacuum is not available, the alternate method is to
gravity fill the sensor.

Following are simple instructions:

Gravity fill the sensor and lightly tap it to eliminate air
bubbles. The gauge can also be gravity filled or filled
separately under vacuum in the instrument shop.

After the gauge is filled, a piece of Saran Wrap should be
placed over the threads of the pressure gauge to keep
the liquid in the gauge from spilling when the gauge is in-
verted to thread into the sensor. The Saran Wrap should
be left on when inverting the sensor because the Saran
Wrap breaks very easily when the gauge is threaded into
the sensor. This will prevent fill liquid from dripping out.

Gravity fill is not as good as vacuum fill but if care is exer-
cised, it can work.




. Diaphragm ~ Pressure
Seals Sensors

Clogged and _ Accurate
Inoperable Measurement

Red Valve Pressure Sensors will not clog!

Assuring accurate measurement and dependable systems control.

Red Valve
VCom pany, Inc.

P.O.Box 548 600 N. Bell Ave.
CARNEGIE, PA 15106
(412)279-0044 Telex 86-6138
FAX (442) 279-7878

GPS-501 3/85
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SPECIFICATIONS

SIZES Series 40 Pressure Sensors are
available in sizes 1” to 48", Pressure
Sensors have an inside diameter equal
to Schedule 40 Pipe.

PRESSURES Standard operating pres-
sures are equivalent to the pressure
rating of the flange. Standard Series 40
Sensors are manufactured to A.N.S.1.
Class 125/150 pound flange and bolting L
dimensions.

Sensors can be supplied with Class 300,
600, 900 and 1200 pound flanges with
comparable pressure ratings of 740,
1480, 2220, and 2960 PSI. Higher pres-
sure ratings up to 20,000 PSI with raised
faces or ring-grooves are also available.

MATERIALS Standard body and end

flanges are Carbon Steel. Optional
Materials include Stainless Steel, P.V.C.
and Teflon.

ACCURACY The accuracy is equal to

.he gauge installed on the sensor. A F—F©F —~
+2% of the gauge reading is common

with off-the-shelf gauges. Higher accu-

racy and sensitivity is obtainable with more precise

instrumentation.

GAUGES All standard ranges are available. A 0-100 psi
gauge is furnished as standard unless otherwise speci-
fied. 0-60 psi and 0-200 psi gauges are also furnished at
no extra charge. ’

LIQUIDS Standard sensing liquid is a 50% mixture of
ethylene glycol (anti-freeze) and water. Special fluids can
be supplied on request.

Mineral Oil 220°F Vegetable Oil 230°F
Distilled 200°F Silicone Oil 450°F
(FDA Approved)

ELASTOMERS The standard Sensing Sleeve material
is Buna-N. Other materials available include Pure Gum
Rubber, Neoprene, Butyl, Hypalon, EPT, Food Grade
Rubber and TEFLON. Other elastomers are available on
request.
SPECIFICATIONS FOR FLANGED PRESSURE
SENSORS This specification covers; Pressure Sensors
=nd Gauge Isolator devices designed for isolating pipe-
¢ flow media from a gauge or instrument. The Sensor
shall be flanged and bolted directly into ANSI flanged
pipelines. Face-to-face shall be no greater than a wafer
style of a butterfly valve. The flanges shall have thru bolt

SIZE LENGTH 0.D. STEEL
“p» FTOF* AV (LBS).
g 17" 414" 5
1147 17%" 5" 8
2" 174" 6" 12
214" 17" 7" 16
37 174" 7V 18
q” 2%" 9” 27
5" 21" 10" 32
6” 2Va" 1. 37
8" 25" 1314" 58

107 234" 16" 79

12”7 3" 18" 125

14”7 3" 21" 157

16" 37 231" 180

18~ 37 25" 250

20" 3" 27" 185

24" 3" 32" 220

30" 3 383, 295

36" 4" 46" 380

42" 4" 53" 475

48" 4" 591" 610

*F to F of Teflon* Sensors is different.

holes to enable positive alignment in the pipeline. Inside
diameter of the sensor shall be the same as the mating
pipe with a full thru uninterrupted flow. There shall be no
dead ends or crevices and flow passage shall make the
sensor self-cleaning.

The Pressure Sensing Ring shall measure pressure for
360° around the full inside circumference of the pipefine.
The sensing ring shall also be clamped into the body for
the full radial width of the sensor. Pressure shall be trans-
mitted to the gauge by a locked in and sealed fiuid such
as ethylene glycol or silicone oil. The Sensor shali have
an auxiliary tapped and plugged port to allow filling con-
nection of other equipment.

Red Vaive Pressure Sensors are also available with
capillary tubing for remote locations of instrumentation.
Capillary tubing is available in various materials and
sizes per your specifications. Red Valve can also fill and
mount your instrumentation on our Pressure Sensors.

All Sensors shall be as the Series 490, as manufac-
tured by the Red Valve Co., of Carnegie, PA, 600 N.
Bell Ave. -

© Teflon is Du Pont trademark for TFE flourocarbon resine
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- SD-RE-DGS-002 Page 64 of 122

Rev. 3
8.0 DESIGN DATA
8.1 PUREX Connector
CONN. BLOCK o
_,.1 C.G.
\ | —F
1 AN r B '
E ¢ et r c
{ % UppeR conn.
NOZZLE - i ¢
-», 5 w
__/_E = . LOWER CONN,
KICK PLATE ]
K ¢ QITICAL DIMENSION CRITICAL DIMENSION
POIN POINT
PROCESS CONNECTOR ELECTRICAL CONNECTOR
7 Connector Block Dimensions {inches) Horizontal Vertical
. Weight| Drawing | Weight Drawing
Size Type A 8 ¢ ° E P | bsa No. {ibs.) No.
1 I1x1 1-7/8 1-23/32 1 3-18/%2 1 2-9/2 [ 2-172 15.5 H-2-32410-1 | 15.5 H-2-32410-2
1 Blank 17/8 | +23/22 [3-19/22 1 2-172 | 2372 . 16 H-2-32410-3116.5 H-2-32410-4
e U L eHS
2 x 2 2-174 27/36 1 4-31/16 ] 3-3/8 | 3-5/8 | 1-1/8 23 H-2.32420.1 |28 H-2-22420-2
2 2 x 1% Dip tube 2-1/4 { 2-7/16-71 4-11715 | 3-3/8 3-5/8 25 H-2.22820.5
Way 31/2. 2:8/22) 2-13/32 1 4-11/16 | 3-3/8 | 3578 | 1-1/8 . 31,5 | H-2-32427-1 | 22 H-2-22427-2
Recirculstion C 3.5 H-2-32427.7
Thermoweil 2-1/4 | 2.7/8 5-1/8 3-3/8 ¢ H-2-90154
Blank 2-1/4 2-7/8 | 411716 | 3-3/8 [ 3-5/8 | 1-1/8 ko] H-2-22420-3{34.5 H-2-32420-4
3 S
3 3x3 3. 138A3%163/16 15 5-8/16 | 1-7/16 76 H-2-324301 {77 - H-2-32430-2
3 x 2 Dip Tube 3 39773 16-8/16 |5 &-8/16 8 H-2-32430-5
2x3 - -9/1 6-9/1 5 §8/16 | 1-7.16 76 H-2-32433-3177 H-; 4304
2 x 2 Dip Tube -8/1 -3/1 5-8/16 <] H-2-32430-6
-Way 3 1/2 +8/1 5-9/1 5-8/16 87.5 H.2-32437-1
Thermoweil 3-8/13_ | 6-8/18 58/186 * H-2-90156
Iank . 3 3-8/13 16-8/18 5-8/186 { 1-7/16 87.5 | H-2-2430-7]83 H.2-32£303-83
4 4 x4 ¢ 3-3/8 | 4-5/32 17-17/22163/8 | 6-1/2 | 311776 120 H.2.32440-1 { i22¢ H-2-22420-2
4 4 x 3 Dip Tube 3-3/8 | 45/32 [7-17/22 | 6-3/8 | 6-17 126 H-2-32440-3
4 3 x 3 Dip Tube 3-3/8 | 4-5/32 1717/ | 63/8 | 6-1/ 131 H-2-32440-4
4 2 x 3 Dip Tube 3-3/8.1 &5/ {717/ 1 6-3/8 &1/2 135 H-2-32440-5
4 Blank 33/8 | &5/ 7177221 6-3/8 | 6-1/2 | 1-11/36 150 H-2-32440-5 | 153 H-2-22440-7
Elec. Upper 1-11/16 56 H-2-32400-2 | 7-Point
Eapt. Conn, Lower 518/22 23 H-2-32401-2 | 7-Point
N . Wall Conn. Lower 5-27/32 H-2-32408-1 ] 7-Point
/, *Establish Weight from Drawing

- HNF-2474, Rev. 0
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Author: Dianna L Stone at “KEH10
Date: 06/25/96 03:18 PM
Priority: Normal

TO: Mohammed M Ahmed at “WHC4
Subject: Datum

Message Contents

Hi Mo,

The top side of the plate to which the seismic restraint is welded is
located &' — 0 9/32" above the centerline of the Pump Discharge
(shown as Detail 2, Lifting Frame Sub-Assy, on Dwg H-2-818508, Sht 2).

Hope that works for you.
Dianna

HNF-2474, Rev. 0
Page A-105
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Distributor Stress Analysis
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SFS No.

DESIGN VERIFICATION SCREENING CRITERIA

Project/Document No. w227 / W320-27-0/&

Whén the design or design change affects hardware, formal design verification must be performed if one or more
of the following questions must be answered affirmatively (YES).

YES NO

v 1. Does the design or design change involved meet the sstablished criteria to be
considered Safety Class 1?

]/ 2. Does this design or design change cause or permit changes to Safety Class 1
instrument or alarm setpoints outside of previously approved
operational limits?

/ 3. Does this design or design change significantly affect the nuclear or
environmental safety consequences of a malfunction or failure of the
structure, system, or component?

/ 4. Does this design or design change involve or change design that has
previously undergone formal design verification?

/m//) Asfm% g/s//?/

Ass:gned’ LeEE/Engmeer

%OM Xﬂ @M 4/ 25/

Resp})nsible Discipline Manager [ Date
Original Design Package Distribution: Design Change Distribution:
Project Manager Attach to Engineering Change Notice

Design Verification Officer

Engineering Document Control

KEH-1981.00 (09/32}
HNF-2474, Rev. 0
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ICF Kaiser Hanford Calc. No. W320-27-17

Compan Revision 0
pany DESIGN ANALYSIS PageNo. 1  of 2
Client WHC WO/Job No. ER4319/W320
Subject Distributor Stress Analysis Date 7-19-94 By Rodney Campbell
Checked ¢-24.44 By ! Ohwad—
Location: 241-AY-02 Revised By
OBJECTIVE:

The objective of this calculation is to verify that the design of the distributor meets ASME B31.3 code stress requirements.

CRITERIA:
1. Functional Design Criteria WHC-SD-W320-FDC-001, Rev. 2.
2. ASME B31.3-1983, Chemical Plant and Petroleum Refinery Piping, With Addenda.

GIVEN DATA:

1. Specific Gravity of fluid: 1.25
2. Ambient temperature: 40°F.
3. Maximum temperature: 180°F.

ASSUMPTIONS:

1. The same volume of material flows throughs the four nozzles at the same velocity, causing static equilibrium.
2. There is no damping from the fluid in the tank, on the distributor during an earthquake.

METHODS:

1. Autopipe+ Version 4.50

2. Hand calculations

REFERENCES:
1. Drawing H-2-818537, Rev. 0.
2. ASME B31.3-1983, Chemical Plant and Petroleum Refinery Piping, With Addenda.

CALCULATION:

1. Calculate the Stress Intensification Factors of the tee required for the analysis. (Ref. 2, Appendix D, Unreinforced Fabricated
Tee)

T :=.337-in  Average wall thickness of pipe being welded to.
r, = 2.25in  Radius of pipe being welded to.
he L
r2
h =0.15

ig = 0—29 Out of plane Stress Intensification Factor.
%
1

o

i, =3
.3
B .

iy In plane Stress Intensification Factor.

°
PR

i;=264

According to the AutoPipe calculation (Appendix A), the piping meets ASME B31.3-1993. The piping system is built
from 4", schedule 80 pipe and 2", schedule 80 nozzles. HNF-2474. Rey. 0

Page C-4




ICF Kaiser Hanford
Company

Client WHC
Subject Distributor Stress Analysis

Location: 241-AY

Calc. No. W320-27-17
Revision 0
DESIGN ANALYSIS Page No. 2 of 2

WO/Job No. ER4319/W320

Date 7-19-94 By Rodney Campbeli
Checked 8-24-94 By Bl ‘Qhmed
Revised By

CONCLUSIONS:

The distributor as designed meets ASME B31.3.

HINF-2474, Rev. 0
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APPENDIX A

HNF-2474, Rev. 0
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W3202717 AY FARM DISTRIBUTOR ANALYSIS
08/11/94 W320 TANK 241-C-106 SLUICING ER4319

ICF KAISER HANFORD COMPANY

POINT DATA LISTING

POINT T OFFSETS (ft )--—--
NAME TYPE X Y z PIPE ID DESCRIPTION
*%% SEGMENT A
AO0  Run 0 0 0 4SCHED80
A0l  Run 0 -2.54 0
AD2  Tee 0 -35.15. 0
AO3  Run 0 -0.42 0
*%%* SEGMENT B
AD2  Tee 0 -37.69 0 2SCHED80
B0l  Run 0.50 . 0 0
*%% SEGMENT C
A02  Tee 0 -37.69 0 2SCHED8O
C01 Run -0.50 0 0
**% SEGMENT D
AD2  Tee 0 -37.69 0 2SCHED80
D01  Run 0 0 0.50

* SEGMENT E
R02  Tee 0 -37.69 0 2SCHED80
EO1  Run 0 0 -0.50
Total weight of empty pipes : 595 1b

HNF-2474, Rev. 0
Page C-7



R/3202717 AY FARM DISTRIBUTOR ANALYSIS
108/11/94 W320 TANK 241-C-106 SLUICING ER4319

ICF KAISER HANFORD COMPANY
AutoPIPE+4.50 MODEL PAGE

COMPONENT

DATA

TYPE DESCRIPTION

DATA

LISTING

ANCHOR Rigid
Thermal movements :

TEE

TEE

TEE

TEE

TEE

POINT ---COORDINATE(ft )---

NAME X Y i

%% SEGMENT A

A00 0.00  0.00  0.00

201 0.00 -2.54  0.00

A02 0.00 -37.69  0.00

A03 0.00 -38.10  0.00

ek SEGMENT B o

102 0.00 -37.69  0.00

1301 0.50 -37.69  0.00

%% SEGMENT C

A02 0.00 -37.69  0.00

01 -0.50 -37.69  0.00
* SEGMENT D

02 0.00 -37.69  0.00

D01 0.00 -37.69  0.50

sk SEGMENT E

202 0.00 -37.69  0.00
E01 0.00 -37.69 -0.50

Number of points in the system : 12

Other
SIF - In

Other
SIF - In

Other
SIF - In

Other
SIF - In

Other
SIF - In

2.60,

2.60,

2.60,

2.60,

2.60,

Out

Out

Out

Out

Out

None

3.14

HNF-2474, Rev. 0
Page C-8



W3202717 AY FARM DISTRIBUTOR ANALYSIS

ICF KAISER HANFORD COM;ANY
08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPE+4.50 MODEL PAGE

PIPE DATA LISTING

Pipe ID/ Nom/ 0.D. —----- Thickness(inch)----- Spec
Material Sch inch W.Th. Corr Mill Insu Ling Grav
4SCHED80 4 4,500 0.337 0.06 0.04 0 0 1.25

\312-TP304L  80S

2 SCHED80 2.000 2.375 0.218 0.06 0.03 0 0 1.25
A312-TP304L 80S

Weight(1b/ft )
Pipe Other Total

15.33

5.14

0 21.56

0 6.74

HNF-2474, Rev. 0
Page C-9



W3202717 AY FARM DISTRIBUTOR ANALYSIS ICF KAISER HANFORD COMPANY
08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPE+4.50 MODEL PAGE 5

MATERIAL DATA LISTING

Material Density Pois. Temper. Modulus Expans. Allow.
Name Pipe ID 1b/cu.ft Ratio deg F E6 psi in/100ft psi
_l_\giz—TP304L 4SCHED80 501.0 0.30 40.0 28.42 16700.0

180.0 1.5442 16700.0
A312-TP304L 2SCHED80 501.0 0.30 40.0 28.42 16700.0
180.0 1.5442 16700.0

HNF-2474, Rev. 0
Page C-10



W3202717 AY FARM DISTRIBUTOR ANALYSIS
08/11/94 W320 TANK 241-C-106 SLUICING ER4319

ICF KAISER HANFORD COMPANY
AutoPIPE+4.50 MODEL PAGE

TEMPERATURE AND PRESSURE DATA

AS
POINT PRESS. TEMPER EXPAN.

NAME psi

PRESS. TEMPER EXPAN.
deg F in/100ft psi

PRESS. TEMPER EXPAN.
in/100ft psi

*%% SEGMENT A

AQO 320
AO3 320
#%% SEGMENT B
A02 320
BO1 320
#%% SEGMENT C
A02 320
co1 320
**x% SEGMENT D
A02 320
D01 320
*%% SEGMENT E
2 320
evl 320

180
180

180
180

180
180

180
180

180
180

1.
1.

[

[

544
544

.544
.544

.544
.544

.544
.544

.544
.544

HNF-2474, Rev. 0
Page C-11



ICF KAISER HANFORD COMPANY
AutoPIPE+4.50 RESULT PAGE 1

W3202717 AY FARM DISTRIBUTOR ANALYSIS
08/11/94 W320 TANK 241-C-106 SLUICING ER4319

ANALYSIS SUMMARY

Current model revision number : 32

Static - Date and Time of analysis ............. Aug 11, 1994 7:03 AM
Model Revision Number ................. 32
Number of load cases .................. 3
Load cases analyzed ................... GR T1 P1
Gaps/Friction/Yielding considered ..... No
Hanger design run ..................... No
Cut short included .................... No
Weight of contents included ........... Yes
Pressure stiffening case .............. 0
Water elevation for buoyancy loads .... Not considered
Modal - Date and Time of analysis ............. Aug 11, 1994 7:03 AM
Model Revision Number ................. 32
Number of modes ....................... 2
Cutoff frequency (Hz) ................. 33.0
Weight of contents included ........... Yes
Pressure stiffening case .............. 0
Water elevation for buoyancy loads .... Not considered
Response - Date and Time of analysis ............. Aug 11, 1994 7:04 AM
Model. Revision Number ................. 32
Number of load cases .................. 3
Load cases analyzed ................... R1 R2 R3
Date and time of modal analysis ....... Aug 11, 1994 7:03 AM

Number of modes

Cutoff frequency (Hz) ................. 33.0
Model revision of modal analysis ...... 32
Weight of contents included ........... Yes
Pressure stiffening case .............. 0

Water elevation for buoyancy loads ....

Not considered

HNF-2474, Rev. 0
Page C-12



W3202717 AY FARM DISTRIBUTOR ANALYSIS
08/11/94 W320 TANK 241-C-106 SLUICING ER4319

ICF KAISER HANFORD COMPANY
AutoPIPE+4.50 RESULT PAGE 2

CODE COMPLIANCE COMBINATIONS

Combination Category Method Load Factor Allowable Remarks
GR + Max P Sustain Sum Gravity 1.00 Automatic Default
Max Long 1.00
Cold to T1 Expansion Sum Thermal 1  1.00 Automatic Default
Sus. + Rl Occasion Abs sum Response 1 1.00 Automatic Default
Max Sus 1.00 ’
Sus. + R2  Occasion Abs sum Response 2 1.00 Automatic Default
Max Sus 1.00
Sus. + R3 Occa;ion Abs sum Response 3 1.00 Automatic Default
Max Sus 1.00
Max P Hoop Max Hoop 1.00 Automatic Default
RTOTAL Occasion  SRSS Response 1 1.00 Automatic User
Response 2 1.00
Response 3 1.00
OTHER USER COMBINATIONS
Combination Method Load Factor Remarks
GR Sum Gravity 1.00 Default
T1 Sum Thermal 1 1.00 Default
P1 Sum Press 1 1.00 Default
R1 Sum Response 1 1.00 Default
R2 Sum Response 2 1.00 Default
R3 Sum Response 3 1.00 Default
GR+T1 Sum Gravity 1.00 User
Thermal 1 1.00
RT Abs sum Response 1 1.00 User
Response 2 1.00
Response 3 1.00
GR+T1+RT Abs sum GR+T1 1.00 User
RT 1.00

HNF-2474, Rev. 0
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W3202717 AY FARM DISTRIBUTOR ANALYSIS ICF KAISER HANFORD COMPANY
08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPE+4.50 RESULT PAGE 3

CODE COMPLIANCE

Y -~ Factor «..oiiiiiiiiiii i 0.40
Weld efficiency factor ................ 1.00
Range reduction factor ................ 1.00
Design Pressure Factor ................ 1.00
Minimum stress ratio used in reports... 0.00
Include corrosion in stress calcs. .... Y
Include torsion in code stress ........ N
Include axial force in code stress .... N
Longitudinal pressure calculation ..... PD/4t

Include rigorous pressure ............. N

HNF-2474, Rev. 0
Page C-14



W3202717 AY FARM DISTRIBUTOR ANALYSIS ICF KAISER HANFORD COMPANY
08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPE+4.50 RESULT PAGE 4

RESPONSE SPECTRUM LOAD CASES :

Number of Tload cases analysed : 3
Load case 1 - RI

Missing mass : No
ZPA : No

Combination method : SRSS
X- Spectrum : SC2&3

Multiplier : 1.00
$C243 '

Freq(Hz) Grav( )} Freg{Hz) Grav( )}  Freg(Hz) Grav( )
0.100 0.01 0.160 0.02 0.250 0.04
0.400 0.06 0.600 0.09 1.100 0.17
1.64¢ 0.25 8.000 0.25 12.000 0.20

20.000 0.16 33.000 0.12 100.000 0.12

HNF-2474, Rev. 0
Page C-15



W3202717 AY FARM DISTRIBUTOR ANALYSIS

ICF KAISER HANFORD COMPANY

08/11/94 4320 TANK 241-C-106 SLUICING ER4319 AutoPIPE+4.50 RESULT PAGE 5
Load case 2 - R2
Missing mass : No
ZPA No
Combination method : SRSS
Y- Spectrum : SC2&3
Multiplier 1.00
$C283 _

Freq(Hz) Grav( )} Freq{Hz) Grav( ) Freg(Hz) Grav( )
0.100 0.01 0.160 0.02 0.250 0.04
0.400 0.06 0.600 0.09 1.100 0.17
1.640 0.25 8.000 0.25 12.000 0.20

20.000 0.16 33.000 0.12 100.000 0.12

HNF-2474, Rev. 0
Page C-16



W3202717 AY FARM DISTRIBUTOR ANALYSIS ICF KAISER HANFORD COMPANY
08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPE+4.50 RESULT PAGE 6

Load case 3 - R3

Missing mass : No
ZPA : No

Combination method : SRSS
Z- Spectrum : SC2&3

Multiplier : 1.00
SC283 _

Freq(Hz) Grav( ) Freq{Hz) Grav( ) Freq(Hz) Grav( )
0.100 0.01 0.160 0.02 0.250 0.04
0.400 0.06 0.600 0.09 1.100 0.17
1.640 0.25 8.000 0.25 12.000 0.20

20.000 0.16 33.08 0.12 100.000 0.12

HNF-2474, Rev. 0
Page C-17



W3202717 AY FARM DISTRIBUTOR ANALYSIS
08/11/94 W320 TANK 241-C-106 SLUICING ER4319

ICF KAISER HANFORD COMPANY

Point
name

Load

combination

TRANSLATIONS (in
Y

DISPLACEMENTS

)

**% Segment A begin ***

A00

Aol

AC2

AO3

*** Segment A end

GR

GR+T1+RT

Kk

* Segment B begin ***

0.000
0.000
0.000
0.000
0.
0
0
0
0

000

.000
.000
.000
.000

.000
.000
.000
.022
.000
.000
.000
.022
.022

0
0
0
0
0
0
0
0
0
0.000
0.000
0.000
3.286
0.
0
0
3
3
0
0
0
3
0
0
0
3
3

000

.000
.000
.286
.286

.000
.000
.000
.341
.000
.000
.000
.341
.341

COOOCQOOoOOO COOOCOOCOCOO

i1 1
OCoOoOOOoCO

L OO0 OO

.000
.000
.000
.000
.000
.000
.000
.000
.000

.000
.039
.000

000
000
000
039

RV

.039

.002
.582
.005
.000
.000
.000
.584
.000
.584

.002
.588
.005
.000
.000
.000
.590
.000
.590

COOOCOOoOOCOOC

WWOWoOoOOoOoO

wWwowooooo COOOODOOOO

.000
.000
.000
.000
.000
.000
.000
.000
.000

.000
.000
.000
.000

230

.022
.000

~Ann

.62z
.022

.000
.000
.000
.000
.000
.286
.000
.286
.286

.000
.000
.000
.000
.000
.341
.000
.341
.341

AutoPIPE+4.50 RESULT PAGE

coocOoOO0OOO

COOCOOCOOOO COO0OCOOOoOOO COOOOOOOO O,

.000

.000
.000
.000
.000
.000
.000
.000

.000
.0G6
.000
.000
.000
.081
.000
.081
.081

.000
.000
.000
.000
.000
.624
.000
.624
.624

.000
.000
.000
.000
.000
.624
.000
.624
.624

COOOOOCOOOoOO

OO QOoOOoOCOO

cCOoOO0CO0COoOOCOoOC O COO0OO0COOCOOO

.000

.000
.000
.000
.000
.000
.000
.000

.000
.000
.000
.000
.C00
.000
.000
.000
.000

.G00
.000
.000
.000
.000
.000
.000
.000
.000

.000
.000
.000
.000
.000
.000
.000
.000
.000

ROTATIONS (deg )
X Y z

COOOOOCOOOC

ODOOOCOOOOO [oNeRoNoNoloNoNeNe]

OCOOOOOOCOOO

.000
.000
.000
.000
.000
.000
.000
.000
.000

.000
.000
.000
.081
.000
.000
.000
.081
.081

.000
.000
.000
.624
.000
.000
.000
.624
.624

.000
.000
.000
.624
.000
.000
.000
.624
.624
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DISPLACEMENTS

Point Load TRANSLATIONS (in )

name combination X A

A02 GR 0.000 -0.002 0.000 0.000
T1 0.000 -0.582 0.000 0.000
Pl 0.000 -0.005 0.000 0.000
R1 3.286 0.000 0.000 0.000
R2 0.000 0.000 0.000 0.000
R3 0.000 0.000 3.286 0.624
GR+T1 0.000 -0.584 0.000 0.000
RT 3.286 0.000 3.286 0.624
GR+T14RT 3.286 0.584 3.286 0.624

BO1 GR 0.000 -0.002 0.000 0.000
Tl 0.008 -0.582 0.000 0.000
P1 0.000 -0.005 0.000 0.000
R1 3.286 0.065 0.000 0.000
R2 0.000 0.000 0.000 0.000
R3 0.000 0.000 3.286 0.624
GR+T1 0.008 -0.584 0.000 0.000
RT 3.286 0.065 3.286 0.624
GR+T1+RT 3.294 0.649 3.286 0.624

=** Segment B end  ***

**% Segment C begin *** -

AO2 GR 0.000 -0.002 0.000 0.000
T1 0.000 -0.582 0.000 0.000
P1 0.000 -0.005 ©0.000 0.000
R1 3.286 0.000 0.000 0.000
R2 0.000 0.000 0.000 0.000
R3 0.000 0.000 3.286 0.624
GR+T1 0.000 -0.584 0.000 0.000
RT 3.286 0.000 3.286 0.624
GR+T14RT 3.286 0.584 3.286 0.624

col GR 0.000 -0.002 0.000 0.000
T1 -0.008 -0.582 0.000 0.000
P1 0.000 -0.005 0.000 0.000
R1 3.286 0.065 0.000 0.000
R2 0.000 0.000 0.000 0.000
R3 0.000 0.000 3.286 0.624
GR+T1 -0.008 -0.584 0.000 0.000
RT 3.286 0.065 3.286 0.624
GR+T1+RT 3.294 0.649 3.286 0.624

“* Segment C end  ***

***x Segment D begin ***

OCOOCOO0OOOOO0O OO OOOO

COOOOCOOCOCO COOOOOOOoOO

.000
.000
.000
.000
.000
.000
.000
.000
.000

.000
.000
.000
.000
.000
.000
.000
.000
.000

OODOOOOCOOOO COOCOOCOOOCO

OO0 OO OOQOOO OO OCOOODOOOCOC

ROTATIONS (deg )
X Y 4

.000
.000
.000
.624
.000
.000
.000
.624
.624

.000
.000
.000
.624
.000
.000
.000
.624
.624
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TRANSLATIONS (in
X Y

Point Load

name combination

A02 GR 0.000
T1 0.000
P1 0.000
R1 3.286
R2 0.000
R3 0.000
GR+T1 0.000
RT 3.286
GR+T1+RT 3.286

D01 GR 0.000
Tl 0.000
P1 0.000
R1 3.286
R2 0.000
R3 0.000 .
GR+T1 0.000
RT 3.286
GR+T1+RT 3.286

**% Segment D end  ***

*** Segment E begin ***

AD2 GR 0.000
Tl 0.000
P1 0.000
R1 3.286
R2 0.000
R3 0.000
GR+T1 0.000
RT 3.286
GR+TI+RT 3.286

EO1 GR 0.000
T1 0.000
P1 0.000
R1 3.286
R2 0.000
R3 0.000
GR+T1 0.000
RT 3.286
GR+T1+RT 3.286

“* Segment E end

dekk

.002
.582
.005
.000
.000
.000
.584
.000
.584

.002
.582
.005
.000
.000
.065
.584
.065
.649

DISPLACEMENTS

WWOoOWoOoOOoCoOo WWOWOOOOO

WWOWOOOOO

WWOWOOoODOOoOO

.000
.000
.000
.000
.000
.286
.000
.286
.286

.000
.008
.000
.000
.000
.286
.008
.286
.294

COOOOOOOOO o000 QOOOO

OCOOOCOOOOOC COO0OOOOOCOOO

.624

.000
.000
.000
.000
.000
.624
.000
.624
.624

.000
.000
.000
.000
.000
.624
.000
.624
.624

OCOCOO0OQOOOO OCOO0OOO0OOOoOO

COOOOOOOO0O

OCOOO0OOOOOOoOO

.000
.000

.000
.000
.000
.000
.000
.000
.000
.000
.000

.000
.000
.000
.000
.000
.000
.000
.000
.000

QOO OOCOOOOCO COOOOQOOOOO

OCOO0OOCOOCOOO COQOOOOOO

.624
.624

.000
.000
.000
.624
.000
.000
.000
.624
.624

.000
.000
.000
.624
.000
.000
.000
.624
.624

HNF-2474, Rev. 0
Page C-20



W3202717 AY FARM DISTRIBUTOR ANALYSIS ICF KAISER HANFORD COMPANY
08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPE+4.50 RESULT PAGE 10

SUPPORT FORCES

Point/ Connect/ Load LOCAL GLOBAL
Supp. ID Type Combination Dirn Force Deform Dirn  Force  Deform

*%% fnd of system , no supports encountered. ***

HNF-2474, Rev. 0
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RESTRAINT REACTIONS

Point Load FORCES (1b ) MOMENTS (ft-1b )
name combination X Y A Result X Y A Result

A0O Anchor

GR 0 -835 0 835 0 0 0 0
T1 0 0 0 0 0 0 0 0
P1 0 0 0 0 0 0 0 0
R1 29 0 0 29 0 0 1097 1097
R2 0 0 0 0 Q 0 0 0
R3 0 0 29 29 1097 0 0 1097
GR+T1 0 -835 0 835 0 0 0 0
RT - 29 0 29 41 1097 0 1097 1552
GR+T14RT 29 835 29 836 1097 0 1097 1552

HNF-2474, Rev. 0
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Point
name

GLOBAL

Load

combination

*%% Segment A begin ***

A00

A0l

AQ2

AO2

GR

GR+T1+RT

GR
T1
P.
R1
R2
R3
GR+T1

o
GR+T1+RT

GR+T1+RT

~n [AS NS n N ~nN
WVOWOOOWOOO

WWOWOOOWOOoOO WWOoOOOoOWOOO

[aS R

OCOOQOOOCOOOCO

FORCES (1b
Y

FORCES

&

Resuit

MENTS

X

no

o
MOoOMNDOCOoOOoON

~N

WOWOoOOOOOWw

NN

no
COWOOoODODOO WOOWOoOoOoOOoOO

~n N
WO W0

[a 2 IV

CDOOCOO0OOOOCO OO WCOOOOO

835

29

29
835

836
780

29

29
780

781

WOoOWOoOOoOOoOCOoOOoOW

COO0OOOCOOOCC OO0 OoOCooCocoOoO

MOMENTS (ft-1
Y

o000 COO0COO OCOO0OOCOOOOO QOO0 OCOoCOOO

ODOOOCOOODO

b))
z

OO OOOOO0O

COOOOODODOOO

Result

OO

1097

o

1097
0

1552
1552

1023
1023

1447
1447

COO0OOCOOOCOO oo ooCcocoO

HNF-2474, Rev. 0
Page C-23



W3202717 AY FARM DISTRIBUTOR ANALYSIS

08/11/94 W320 TANK 241-C-106 SLUICING ER4319

ICF KAISER HANFORD COMPANY
AutoPIPE+4.50 RESULT PAGE 13

GLOBAL FORCE

Point Load
name combination X

FORCES (1b
Y /A

N

Result

1

MOMENTS (ft-1
Y

MOMENTS

b
z

)

Result

s

~nN
[eNoNolelolsNeXeNo
QOO OOoOOCOO0OO

GR+T1+RT
*¥*% Segment A end - k**
**%* Segment B begin ***

AO2 GR

GR+T1
RT
GR+T14RT

=
~n
COO0OOOOOOO

BO1 GR

GR+T1
RT
GR+T1+RT

COOQOOOOCOOoOCO WoOwooocoow

x
o
OCOOCOCOOOOO

**% Segment B end  ***
*** Segment C begin ***

AQ2 GR

=

nN
COO0OO0OO0OOCOO0OO
WOWOOOOOW

GR+TI+RT

OCOOCOOOOCO

COOOODDOOOQO

COOOOOCOOOO

COOOCOOCOOO

COOOOoOOCOOO

WOWOOOOOW

COO0OO0OOCOO0COO

WOoOWoOoOoOOoOOoWw

oo oOoOoO0OOCOO

QOO OoOOoOOoOCCO COOOOOOCODODOO

OCOOCOOOOOO

OCOO0OOCOOOCO COOCOOCOOOOO

OCOOCOO0OOO0OO0OO0O

COOOO0OOODO0OOO

HOROOOOO—

jejololoNoloNeReN ol

HOH,ROOQOOOO—

OCOOOOCOOCOOO

[eXoRoRoNolol e Rl

HOHFOOOOO—

OO OCOoOOCOCO

HOFOQOQOOOO—
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GLOBAL FORCES & MOMENTS

Point Load FORCES {1b ) MOMENTS (ft-1b )

name combination X Y z Result X Y z Result

col GR 0 0 0 0 0 0 0 0
71 0 0 0 0 0 0 0 0
Pl 0 0 0 0 0 0 0 0
R1 0 0 0 0 0 0 0 0
R2 0 0 0 0 0 0 0 0
R3 0 -0 0 0 0 0 0 0
GR+T1 0 0 0 0 0 0 0 0
RT 0 0 0 0 0 0 0 0
GR+T1+RT 0 0 0 0 0 0 0 0

**%% Segment C end  ***

*%% Segment D begin ***

A02 GR 0 3 0 3 -1 0 0 1
T1 0 0 0 0 0 0 0 0
P1 0 0 0 0 0 0 0 0
R1 0 0 0 0 0 0 0 0
R2 0 0 0 0 0 0 0 0
R3 0 0 0 0 0 0 0 0
GR+T1 0 3 0 3 -1 0 0 1
RT 0 0 0 0 0 0 0 0
GR+T14RT 0 3 0 3 1 0 0 1

Do1 GR 0 0 0 0 0 0 0 0
T1 0 0 0 0 0 0 0 0
P1 0 0 0 0 0 0 0 0
R1 0 0 0 0 0 0 0 0
R2 0 0 0 0 0 0 0 0
R3 0 0 0 0 0 0 0 0
GR+T1 0 0 0 0 0 0 0 0
RT 0 0 0 0 0 0 0 0
GR+T1+RT 0 0 0 0 0 0 0 0

***% Segment D end  ***

***% Segment E begin ***

A02 GR 0 3 0 3 1 0 0 1
T1 0 0 0 0 0 0 0 0
P1 0 0 0 0 0 0 0 0
R1 0 0 0 0 0 0 0 0
R2 0 0 0 0 0 0 0 0
R3 0 0 0 0 0 0 0 0
GR+T1 0 3 0 3 1 0 0 1
RT 0 0 0 0 0 0 0 0
GR+T1+RT 0 3 0 3 1 0 0 1

HNF-2474, Rev. 0
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GLOBAL FORCES & MOMENTS

Point Load FORCES (1b ) MOMENTS (ft-1b )

name combination X Y YA Result Y z Result

£01 GR 0 0 0 0 0 0 0 0
Tl 0 0 0 0 0 0 0 0
Pl 0 0 0 0 0 0 0 0
R1 0 0 0 0 0 0 0 0
R2 0 0 0 0 0 0 0 0
R3 0 0 0 0 0 0 0 0
GR+T1 0 0 0 0 0 0 0 0
RT 0 0 0 0 0 0 0 0
GR+T1+RT 0 0 0 0 0 0 0 0

**% Segment E end  F**

HNF-2474, Rev. 0
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GENERAL PIPE STRESS REPORT
(Stress in psi )
Point Load Hoop  Longitudinal Tors. Principal Max Oct
name combination Stress Max Min Shear Max Min Shear Loc Shear

***% Segment A begin ***

A00 SIFI= 1.00 SIFO0= 1.00

GR 0 227 227 0 227 0 114 NA 227
T1 0 0 0 0 0 0 0 NA 0
Pl 2936 1001 1001 0 2936 1001 1468 NA 2585
R1 0 3601 -3601 0 3601 -3601 1801 MT 3601
R2 0 0 0 0 0 0 0 NA 0
R3 0 3601 -3601 0 3601 -3601 1801 MT 3601
GR+T1 0 227 227 0 227 0 114 NA 227
RT 0 5093 -5093 0 5093 -5093 2547 MT 5093
GR+TI+RT 0 4866 -5320 0 4866 -5320 2660 MC 5320
A0l SIFI= 1.00 SIFO= 1.00
GR 0 212 212 0 212 0 106 NA 212
T1 0 0 0 0 0 0 0 MT 0
P1 2936 1001 1001 0 2936 1001 1468 NA 2585
R1 0 3357 -3357 0 3357 -3357 1678 MT 3357
Rz 0 0 0 0 0 0 0 NA 0
R3 0 3357 -3357 0 3357 -3357 1678 MT 3357
GR+T1 0 212 212 0 212 0 106 NA 212
RT 0 4748  -4748 0 4748 -4748 2374 MT 4748
GR+TI4RT 0 4535 -4960 0 4535 -4960 2480 MC 4960
A02 - SIFI= 2.60 SIFO= 3.14
GR 6 6 0 6 0 3 NA 6
T1 0 0 0 0 0 0 0 MT 0
Pl 2936 1001 1001 0 2936 1001 1468 NA 2585
R1 0 1 -1 0 1 -1 1 MT 1
R2 0 0 0 0 0 0 0 NA 0
R3 0 1 -1 0 1 -1 1 M 1
GR+T1 0 6 6 0 6 0 3 NA 6
RT 0 2 -2 0 2 -2 1 MT 2
GR+TI+RT 0 -4 -8 0 0 -8 4 MC 8
A02 + SIFI= 2.60 SIFO= 3.14
GR 0 2 2 0 2 0 1 NA 2
T1 0 0 0 0 0 0 0 MC 0
P1 2936 1001 1001 0 2936 1001 1468 NA 2585
R1 0 1 -1 0 1 -1 I M 1
R2 0 0 0 0 0 0 0 NA 0
R3 0 1 -1 0 1 -1 1 MT 1
GR+T1 0 2 2 0 2 0 1 NA 2
RT 0 2 -2 0 2 -2 1 MT 2
GR+TI+RT 0 -1 -4 0 0 -4 2 MC 4

HNF-2474, Rev. 0
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PIPE

Max

STRESS

Min

(Stress in psi
Longitudinal Tors.

Shear

Max

Oct

Shear Loc Shear

GENERAL

Point Load Hoop
name combination Stress
A03 SIFI= 1.00 SIFO=
GR 0

T1 0

P1 2936

R1 0

R2 0

R3 0

GR+T1 0

RT 0
GR+T1+RT 0

**% Segment A end  *¥%

**%% Segment B begin ***

A02 SIFI= 2.60 SIFO= 3.14

GR 0
Ti 0
P1 2773
m 0
R2 0
R3 0
GR+T1 0
RT 0
GR+T14RT 0
BO1 SIFI= 1.00 SIFO=
GR 0
T1 0
Pl 2773
R1 0
R2 0
R3 0
GR+T1 0
RT 0
GR+T1+RT 0

**% Segment B end  ***

*** Segment C begin ***

ODOOO0OOOWO O

COOOOOWOO

COOOODODOOO

OCOO0OOOCOOQOO

REPORT
)
Principal
Max Min
0 0
0 0
2936 1001
0 0
0 0
0 0
0 0
0 0
0 0
46 -46
0 0
2773 859
0 0
0 0
4 -4
46 -46
4 -4
46 -46
0 0
0 0
2773 859
0 0
0 0
0 0
0 0
0 0
0 0

COO0OOOC

46
2459

OCOoOO0COOO
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GENERAL PIPE STRESS REPORT
(Stress in psi
Point Load Hoop  Longitudinal Tors. Principal Max Oct
name combination Stress  Max Min Shear Max Min Shear Loc Shear

A02 SIFI= 2.60 SIFO= 3.14

GR 0 46 -46 0 46 -46 23 MT 46
Tl 0 0 0 0 0 0 0 MT 0
P1 2773 ° 859 859 0 2773 859 1386 NA 2459
R1 0 . 0 0 0 0 0 0 MC 0
R2 0 0 0 0 0 0 0 NA 0
R3 0 4 -4 0 4 -4 2 MT 4
GR+T1 0 46 -46 0 46 -46 23 MT 46
RT 0 4 -4 0 4 -4 2 MC 4
GR+T1+RT 0 46 ~46 0 46 -46 23 MC 46

col SIFI= 1.00 SIFO= 1.00
GR 0 0 0 0 0 0 0 MT 0
Tl 0 0 0 0 0 0 MT 0
P1 2773 859 859 0 2773 850 1386 NA 2459
R1 0 0 0 0 0 G 0 NA 0
R2 0 0 0 0 0 0 0 NA 0
R3 0 0 0 0 0 0 0 NA 0
GR+T1 0 0 0 0 0 0 0 MT 0
RT 0 0 n 0 0 0 0 NA 0
GR+T1+RT 0 0 [ 0 0 0 0 MC 0

**% Segment C end  ***

**% Segment D begin ***

A02 SIFI= 2.60 SIFO= 3.14 -
GR 0 46 -46 0 46 -46 23 MT 46
T1 0 0 0 0 0 0 0 MT 0
P1 2773 859 859 0 2773 859 1386 NA 2459
R1 0 4 -4 0 4 -4 2 MT 4
R2 0 0 0 0 0 0 0 NA 0
R3 0 0 0 0 0 0 0 MC 0
GR+T1 0 46 -46 0 46 -46 23 MT 46
RT 0 4 -4 0 4 -4 2 MC 4
GR+T14RT 0 46 -46 0 46 -46 23 MC 46

D01 SIFI= 1.00 SIFO= 1.00
GR 0 0 0 0 0 0 0 MT 0
Tl 0 0 0 0 0 0 0 MT 0
P1 2773 859 859 0 2773 859 1386 NA 2459
R1 0 0 0 0 0 0 0 NA 0
R2 0 0 0 0 0 0 0 NA 0
R3 0 0 0 0 0 0 0 NA 0
GR+T1 0 0 0 0 0 0 0 MT 0
RT 0 0 0 0 0 0 0 NA 0
GR+T14RT 0 0 0 0 0 0 0 MC 0

HNF-2474, Rev. 0
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GENERAL PIPE STRESS REPORT
(Stress in psi )

Point Load Hoop  Longitudinal Tors. Principal Max Oct

name combination Stress  Max Min ‘Shear Max Min Shear Loc Shear

**% Segment E begin ***

AO2 SIFI= 2.60 SIFO= 3.14 .
GR 0 45 -46 0 46 -46 23 MT 46
T1 0 0 0 0 0 0 0 MT 0
P1 2773 859 859 0 2773 859 1386 NA 2459
R1 0 4 -4 0 4 -4 2 MT 4
R2 0 0 0 0 0 0 0 NA 0
R3 - 0 0 0 0 0 0 0 MC 0
GR+T1 0 46 -46 0 46 -46 23 MT 46
RT 0 4 -4 0 4 -4 2 MC 4
GR+T1+RT 0 46 -46 0 46 -46 23 MC 46

EO1 SIFI= 1.00 SIFO= 1.00
GR 0 0 0 0 0 0 0 MT 0
71 0 0 0 0 0 0 0 MT 0
P1 2773 859 859 0 2773 859 1386 NA 2459
R1 0 0 0 0 0 0 0 NA 0
R2 0 0 0 0 0 0 0 NA 0
R3 0 0 0 0 0 0 0 NA 0
GR+T1 0 0 0 0 0 0 0 MT 0
RT 0 0 0 0 ¢ 0 0 NA 0
GR+T1+RT 0 0 0 0 0 0 0 MC 0

*%% Segment £ end  *¥¥
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ASME B31.3c (1992)

CODE COMPLIANCE

(Moments in ft-Tb (Stress in psi )

Point Load In-P1. Out-P1. Torsion S.I.F Eq. Load Code Code

name combination Moment Moment Moment In Out no. type Stress Allow
**% Segment A begin ***

A0O Max P (3a) HOOP 2936 16700

GR + Max P 0 0 1.00 1.00 (18) SUST 1300 16700

Cold to T1 0 0 0 1.00 1.00 (17) DISP 0 25050

Sus. + Rl 0 1097 1.00 1.00 (18) oOCC 4901 22211

Sus. + R2 0. 0 1.00 1.00 (18) oOCC 1300 22211

Sus. + R3 1097 0 1.00 1.00 (18) oOCC 4901 22211

RTOTAL 1097 1097 1.00 1.00 (18) oOCC 5093 22211

A0l Max P (3a) HOOP 2936 16700

GR + Max P 0 0 1.00 1.00 (18) SUST 1300 16700

Cold to T1 0 0 01.00 1.00 (17) DISP 0 25050

Sus. + Ri 0 1023 1.00 1.00 (18) oOCC 4657 22211

Sus. + R2 0 0 1.00 1.00 (18) OCC 1300 22211

Sus. + R3 1023 0 1.00 1.00 (18) oOCC 4657 22211

RTOTAL 1023 1023 1.00 1.00 (18) OcCC 4748 22211

2 - Max P {3a) HOOP  .2936 16700

GR + Max P 0 0 2.60 3.14 (18) SUST 1300 16700

Cold to T1 0 0 0 2.60°3.14 (17) DISP 0 25050

Sus. + R1 0 0 2.60 3.14 (18) o0CC 1301 22211

Sus. + R2 0 0 2.60 3.14 (18) o0OCC 1300 22211

Sus. + R3 0 0 2.60 3.14 (18) ocCC 1301 22211

RTOTAL 0 0 2.60 3.14 (18) OCC 2 22211

A02 + Max P (3a) HOOP 2936 16700

GR + Max P 0 0 2.60 3.14 (18) SUST 1300 16700

Cold to Tl 0 0 0 2.60 3.14 (17) DISP 0 25050

Sus. + Rl 0 0 2.60 3.14 (18) ocCC 1301 22211

Sus. + R2 0 0 2.60 3.14 (18) o0CC 1300 22211

Sus. + R3 0 0 2.60 3.14 (18) oOCC 1301 22211

RTOTAL 0 0 2.60 3.14 (18) oOcCC 2 22211

A03 Max P (3a) HOOP 2936 16700

GR + Max P 0 0 1.00 1.00 (18) SUST 1300 16700

Cold to T1 0 0 0 1.00 1.00 (17) DISP 0 25050

Sus. + Rl 0 0 1.00 1.00 (18) oOCC 1300 22211

Sus. + R2 0 0 1.00 1.00 (18) 0OCC 1300 22211

Sus. + R3 0 0 1.00 1.00 (18) OCC 1300 22211

RTOTAL 0 0 1.00 1.00 (18) ocCC 0 22211

**% Segment A end  ***

«% Saegment B begin ***

HNF-2474, Rev. 0
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ASME B31.3c (1992) CODE COMPLIANCE

(Moments in ft-1b ) (Stress in psi
Point Load In-P1. Out-P1. Torsion S.I.F Eq. Load Code
name combination Moment Moment Moment In OQut no. type Stress
AQ2 Max P (3a) HooP 2773
GR + Max P 1 0 2.60 3.14 (18) SUST 1227
Cold to T1 0 0 0 2.60 3.14 (17) DISP 0
Sus. + Rl 1 0 2.60 3.14 (18) ocC 1227
Sus. + R2 1 0 2.60 3.14 (18) oCC 1227
Sus. + R3 1 0 2.60 3.14 (18) oOCC 1229
RTOTAL 0 0 2.60 3.14 (18) oOCC 2
BO1 Max P (3a) HOOP 2773
GR + Max P 0 0 1.00 1.00 (18) SUST 1203
Cold to T1 0 0 0 1.00 1.00 (17) DISP 0
Sus. + Rl 0 0 1.00 1.00 (18) oCC 1203
Sus. + R2 0 0 1.00 1.00 (18) ocCC 1203
Sus. + R3 0 0 1.00 1.00 (18) o0CC 1203
RTOTAL 0 0 1.00 1.00 (18) ocCC 0
*%% Segment B end  F**
%% Segment C begin ***
A02 Max P (3a) HOOP 2773
GR + Max P 1 0 2.60 3.14 (18) SUST 1248
Cold to T1 0 0 0 2.60 3.14 (17) DISP 0
Sus. + Rl 1 0 2.60 3.14 (18) ocCC 1249
Sus. + R2 1 0 2.60 3.14 (18) oCC 1248
Sus. + R3 1 0 2.60 3.14 (18) o0CC 1252
RTOTAL 0 0 2.60 3.14 (18) ocC 4
C01 Max P (3a) HOOP 2773
GR + Max P 0 0 1.00 1.00 (18) SUST 1203
Cold to Ti 0 0 0 1.00 1.00 (17) DISP 0
Sus. + Rl 0 0 1.00 1.00 (18) oOCC 1203
Sus. + R2 0 0 1.00 1.00 (18) o0CC 1203
Sus. + R3 0 0 1.00 1.00 (18) o0CC 1203
RTOTAL 0 0 1.00 1.00 (18) ocCC 0
*x% Segment C end  ***
**% Segment D begin ***
A02 Max P (3a) Hoop 2773
GR + Max P 0 1 2.60 3.14 (18) SUST 1255
Cold to T1 0 0 0 2.60 3.14 (17) DIsSP 0
Sus. + R1 0 1 2.60 3.14 (18) oOCC 1258
Sus. + R2 0 1 2.60 3.14 (18) oOCC 1255
Sus. + R3 0 1 2.60 3.14 (18) oOCC 1255
RTOTAL 0 0 2.60 3.14 (18) OCC 3

16700
16700
25050
22211
22211
22211
22211

16700
16700
25050
22211
22211
22211
22211

16700
16700
25050
22211
22211
22211
22211
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ASME B31.3c (1992) CODE COMPLIANCE
)

(Moments in ft-1b
Point Load In-P1. Qut-Pl. Torsion
name combination Moment Moment Moment

Dol Max P
GR + Max P
Cold to Tl
Sus. + Rl
Sus. + R2
Sus. + R3
RTOTAL

COOO0OO
OCOOOOO

***% Segment D end  ***
**%% Segment E begin ***

A02 Max P
GR + Max P
Cold to T1
Sus. + Rl
Sus. + R2
Sus. + R3
RTOTAL

OCOO0OOOO
OO

EO1 Max P
GR + Max P
Cold to T1
Sus. + Rl
Sus. + R2
Sus. + R3
RTOTAL

COOOO0OO0O
COOCOOO

**% Segment E end  ***

NN PN N

i bl b 3

S.I.F

In Out
.00 1.00
.00 1.00
.00 1.00
.00 1.00
00 1.00
.00 1.00
60 3.14
60 3.14
60 3.14
60 3.14
60 3.14
60 3.14
00 1.00
00 1.00
00 1.00
00 1.00
00 1.00
00 1.00

HOOP
SUST
DISP
0cC
occ
0cc
occ

HOOP
SUST
DISP
0cC
0cC
0cc
occ

(Stress 1in psi
. Load
. type

Code
Stress

2773
1258

1261
1258
1258

2773
1203

1203
1203
1203

16700
16700
25050
22211
22211
22211
22211

16700
16700
25050
22211
22211
22211
22211
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SYSTEM SUMMARY

Maximum displacements (in)

Maximum X : 3.341~ Point : AO3 Load Comb.: Rl
Maximum Y : 0.649 Point : BO1 Load Comb.: GR+TI+RT
Maximum Z : 3.341« Point : AO3 Load Comb.: R3
Max. total: 4.761 Point : AO3 Load Comb.: GR+T1+RT

Maximum rotations (deg)

Maximum X -: 0.624 Point : DO1 Load Comb.: GR+T1+RT

Maximum Z : 0.624 Point : BOl Load Comb.: GR+TI1+RT
Max. total: 0.883 Point : DO1 Load Comb.: GR+T1+RT

Maximum restraint forces(ib)

Maximum X : 29 Point : AOO Load Comb.: R1
Maximum Y : -835 Point : ACZ Load Comb.: GR
Maximum Z : 29 Point : AOO Load Comb.: R3
Max. total: 836 Point : AOO Load Comb.: GR+T1+RT

Maximum restraint moments(ft-1b)

Maximum X : 1097 Point : AOO Load Comb.: R3
Maximum Z : 1097 Point : AOO Load Comb.: R1
Max. total: 1552 Point : AOO Load Comb.: RT

HNF-2474, Rev. 0
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SYSTEM SUMMARY

Maximum pipe forces (1b)

Maximum X : 29 Point : A0O Load Comb.: R1
Maximum Y : 835 Point : AOO Load Comb.: GR
Maximum Z : 29 Point : AOO Load Comb.: R3
Max. total: 836 Point : AOQ Load Comb.: GR+TI+RT

Maximum pipe moments (ft-1b)

Maximum X - 1097 Point : AQO Load Comb.: R3
Maximum Y : 0 Point : A02 Load Comb.: R3
Maximum Z : 1097 Point : AOO Load Comb.: Rl
Max. total: 1552 Point : AQO Load Comb.: RT

HNF-2474, Rev. 0
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Maximum

Maximum

Maximum

Maximum

Maximum

Maximum

SYSTEM SUMMARY

sustained stress

Point : A0O

Stress psi : 1300

Allowable psi : 16700

Ratio : 0.08

Load combination : GR + Max P
displacement stress

Point . A02

- Stress psi : 0

Allowable psi ¢ 25050

Ratio : 0.00

Load combination : Cold to T1
occasional stress

Point ) : A0O

Stress psi : 5093

Allowable psi 1 22211

Ratio : 0.23

Load combination : RTOTAL
hoop stress

Point . A0O

Stress psi 1 2936

Allowable psi : 16700

Ratio : 0.18

Load combination : Max P
sustained stress ratio

Point : AOO

Stress psi : 1300

Allowable psi . 16700

Ratio : 0.08

Load combination : GR + Max P
displacement stress ratio

Point ¢ A02

Stress psi ¢ 0

Allowable psi : 25050

Ratio : 0.00

Load combination : Cold to T1

HNF-2474, Rev. 0
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SYSTEM SUMMARY

Maximum occasional stress ratio

Point : A0O

Stress psi : 5093
Allowable psi 1 22211
Ratio :0.23

Load combination : RTOTAL

Maximum hoop stress ratio

Point : AOO -
Stress psi : 2936
Allowable psi 1 16700
Ratio : 0.18

Load combination : Max P

* % * The system satisfies ASME B31.3 code requirements * * *
* % * for the selected options * ok %

HNF-2474, Rev. 0
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OBJECTIVES:

The objective of this calculation is to provide a detailed design for a winch, to raise and lower submersible
pumps inside tanks 241-C-106 and 241-AY-102. The pumps will transfer the contents of Tank 241-C-106 to Tank

241-AY-102, and provide supernate to the sluicing process.

DESIGN CRITERIA:

1. Project W320, Tank 241-C-106 Sluicing, Functional Design Criteria
(WSC document No. WHC-SD-W320-FDC-001, Rev. 0).

2.S8DC 4.1, Rev. 11, Design Loads For Facilities.

3. DOE-RL-92-36, Hanford Site Hoisting and Rigging Manual , Section 9.2.3.2, January 15, 1993

4. Project 93L-EWW-320, Tank 241-C-108, Letter of Instruction, Addendum 14

DESIGN INPUTS:

Desian Methodology :

Seismic analysis was performed according to SDC 4.1, Rev. 11, Design Loads For Facilities.

(Ref. 2)

Standard engineering methods were used to determine Shear, Tensile, Bearing and Bending stresses.

Weld analysis uses Blodgefts's method for analysis of a weld as a line

(Ref. 9)

Moment Distribution Method for Indeterminent Beams is used to determine reaction forces on Axls 12. (Ref. 13)

Shaft design methods include torsion analysis for shafts of varying diameters,
and minimum shaft diameter equation.

(Ref. 14)
(Ref. 8)

Bearing loads were determined using Equivalent Load equations provided in bearing vendor catalogs. (Ref. 26 & 27)

Stress on Reel Hub is determined by standard beam analysis and correction for a curved beam.

Gear Strength is determined using the AGMA Strength Formula and Lewis Beam Strength Formula.

Data:

Safety factor will be 3to 1, (SFy = 3), against Yield Strength ,
or 5 to 1, (SF,=5) against Ultimate Strength.

Assumptions:
1. Pit and winch are both rigid structures and are rigidly connected.

(Ref. 8)
(Ref. 12)

Ref. 3

2. Hose/Pipe connection at plate is assumed as a hinged joint and that the pipe will be allowed to deflect

with movement of the pump and assemblies.

3. Pump and motor weight = 3000 Ibs.

HNF-2474, Rev. 0
Page D-3
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Machinery's Handbook, 24th edition
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CALCULATIONS:

Page:

5-8 Seismic Evaluation

9-20 Analysis of Pump and Sheave Assembly Components

21 -25 Analysis of Retrieval Cable Assembly
26 - 40 Axle 12 - Component Design

41 -46 Design of Reel Hub
47 -50 Gear Analysis

51-54 Axle 11 - Component Design
55-60 Axle 15 - Component Design

61-62 Analysis of Winch Housing Stresses

63 -67 Upper Driveshaft Analysis

68 -70 Guide Idler Component Analysis
71-75 Plate Stress and Bolt Analysis
76 -78 Analysis of Lifting Brackets

CONCLUSIONS:

The results of this analysis indicate that the components of of the Winch Assembly meet, exceed or
fall within acceptable limits of the Safety Factor requirements set forth in DOE-RL-92-36,
Hanford Site Hoisting and Rigging Manual , Section 9.2.3.2, January 15, 1993.
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Seismic Analysis of Winch and Pump Assembly to Safety Class 1 Criteria

The winch / pump assembly is classified as Safety Class 3 per the Functional Design Criteria for the project.
Based on the SDC 4.1, Rev. 11, the design for the winch / pump assembly is required to be analyzed to

Safety Class 1 criteria, due to the potential structural failure and impact of the winch/ pump assembly on the
Safety Class 1 structure (the tank structure). Safety Class 1 design requires a dynamic analysis to be performed
using the response spectra per SDC 4.1, Rev.11 (Figure 3) as the seismic input for the design. Conservatively,
an equivalent static load method is used in the evaluation since the winch may be represented by a single model
configuration. A factor of 1.5 is applied to the peak acceleration of the appropriate response spectrum

per SDC 4.1, Rev.11.

The upper, winch structure is rigidly attached to the top of the base slab of the pump pit in both horizontal
directions. The pump pit is considered a rigid structure, therefore, the ground acceleration is used as the
seismic input.

The lower winch structure consists of a cable and sheave assembly suspending the process pump and
includes the associated hose and connections. The configuration of the lower structure, therefore can be
represented as a single mass suspended by a flexible cable, subjected to seismic loading.

The primary concern for the tank structure is the potential impact of the pump with the tank wall. The maximum
displacement of the pump will be evaluated based on the seismic input and a comparison made as to the
proximity of the pump relative to the tank wall.

The remaining concern is the structural adequacy of the winch plate, which supports the winch/ pump assembly,
spanning the penetration opening in the tank. The magnitude of the vertical, seismic response required to be used
is defined in SDC 4.1, Rev. 11, as 2/3 of the peak, horizontal response.

Seismic Components: (Assume 2 % damping, conservative) (Ref. 4, Section 3.7.2, 11-1.b)
g:= 38644-i2 Acceleration of gravity ' (Ref. 2, Table 7)
sec
LF:=15 Load Factor
ag = 0.2-g Peak Horizontal Free-field (Ref. 4, Section 3.7.2, - 1.biii)
Ground Acceleration (Ref. 2, Fig.3)
A=274 Acceleration Amplifcation (Ref. 2, Table 7, 2 % Damping)
at 2% damping .
 naxh = ag A LS 2 maxh =317.621 iz = 0.822g Horizontal seismic component
. sec’
2 _ in
& maxv |3 /% maxh 2 paxy =211.747-— = 0548g Vertical seismic component (Ref.2,B.3.3 )
sec

HNF-2474, Rev. 0
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Potential Impact of the Pump with the Tank Wall

The primary concern to be addressed in this evaluation is the potential interaction of the pump with the tank wall, due to
pendulum action of the pump/ cable system.

Determine the maximum, horizontal displacement of the pump relative to the tank wall:

L:=26-ft

ee [ L) 8
2-m) 4L

L =312-in

£=0.177-time |

(Maximum "L" USED, conservative)

Natural Frequency

T:= % T =5.646-sec Natural Period

d:=13in Displacement Ref. 2, Fig.3

D= 163 Spectrum Ampiification Factor at 2% damping Ref. 2, Table 7

dgpcs1=Dd dgpeg =21194in Based on engineering judgement, displacement of 21"

]
is considered to be negligible.
Hose / Pipe Assembly
SG=12 Specific Gravity of Process Fluid Ref. 1
~ Ibf Density of water at
Py = 6241 — Minimum Operating Temperature Ref. 15, Pg. A6
ft

- _ Ibf Density of Process Fluid at

p=8Gpy p=T4892— Minimum Operating Temperature
ft

W= 7_5%;_f Weight per foot of hose. Ref. F, Pg. 69
L jose = (9.8 +10.8)-ft Combined length of hoses
Ry =2in Inner Radius of hose. Ref. 18, Pg. 69
Whose = W L hose W hose = 154.51bf Weight of 4" hose. Ref. 33.2, Sh.2
Vo= mR 1L pose vy =1798-8 Volume of hose.
Hose sontents = Y h'P Hose ontents = 134.633 +1bf Weight of Process Fluid fluid in

combined length of hose.

HNF-2474, Rev. 0
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Hose / Pipe Assembly__ (continued....)
Ibf . .
Wp = 10_79.F Weight per foot of pipe.
pipey = 114-in Pipe Length
wpipe = Wp-pipe L Wpipe =102.505 -1bf - Weight of 93.8" of 4" pipe.
Rp =2.013:in Inner Radius of pipe.
e 2 - a3 .
Vp = an pipey, Vp 0.84-f Volume of pipe.
Pipe contents = V pP Pipe . ntents = 62-898 +1bf Weight of Process Fiuid fluid in pipe.

Ref. 19, Pg. 399

Ref. 17, Pg. 11

SWiveljoint = 36-1bf + 2-(72-1bf) Weight of 1, 3" and 2, 4" swivel joints
. pipey, . A I
pipe oG = 5 pipe o =57¢in Center of Gravity of Pipe
. W pipe + PiP contents
Mass pipe
g
Mass pipe = 165.269 1b Mass of the Pipe
W pose * HOSE contents + Coupling + Swivel joint
Mass yoge =

g

Mass g0 =576.668 -1b Mass of the Hose

F pipeH = Mass pine maxh F pipeH = 135.961 -Ibf

F hoseH = M8SS$ o562 maxh F yosety =474.403 :1bf

Fy = (Mass pipe + 2Mass pose): (8 8 axy) Py =2.043-10° 1ot
M= (F pioor) (pipe cG) * (F hosett) (Pipe) M= 6.183-10* “Ibfin

HNF-2474, Rev. 0
Page D-9
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Stress at Pipe Connection to Winch Plate

Shear Stress due to Horizontal Seismic Force

A =3.1740n"

bf
Syi= 30000-—l—~
y -2
in
‘ 4 Ibf
S a1 = (040)-S S =12:10" -—
in
Fiseyg+F 3
_ T pipeH ™ ' hoseH _ 1bf
S got = T 8y = 192301
in’
-
oF = 2l SF =62.402
S act

Tensile Stress due to Vertical Seismic Force

. 4 It
T =13510" —

m

T g1 = (0.45):S ¢

Fy

Tact:”A'_

T et =643.619 -psi

T
Al 0975

act

Area of Shear plane (Metal Area of pipe)

Yield strength of Schedule 408,
ASTM A-312 Gr Tp 304 Pipe

Allowable Shear Stress Ref.7, Part 5, Chap. D.3.1

Caloulated stress on pipe.
Safety factor > 3

OK

Allowable Stress in Tension Ref. 11, Page 12

Calculated Tensile Stress on Pipe resulting
from Bending Moment at Plate

Safety factor > 3 OK

See Assumptions, #2

HNF-2474, Rev. 0
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WEIGHT of PUMP ASSEMBLY (Supported by the Sheave Assembly)
(Most conservative configuraiton considered as the pump in the fully elevated position.) Ref. 33.4
Weight of Pump Ref. 33.6, Sh. 1&2
} ) Weight of pump.
w pump 3000-1bf Ref. 23
Weight of Hose and Contents
Weight of Hose and Contents Ref. 332
W pose = 81-1bf . Weight of 10.8' of 4" hose.
W contents = 70-584-Ibf Weight of Process Fluid fluid in 8 feet of hose.
Weight of pipe fittings (on pump discharge).
W= 2:(27-1bf) Weight of Hose Couplings Ref. 33.0, Sh. 1, ltem 1 Ref. 19
Flange3 := 13-1bf 3", 300 Ip, slip on fiange Ref. 33.4, Sh. 1, ltem 27 Ref. 8
E gg = 4.58 Ibf 3" elbow (90) Ref. 33.4, Sh. 1, item 24 Ref. 5
8J 5= 37-1bf 3" swivel joint Ref. 33.4, Sh. 1, item 11 Ref. 17, Pg. 11
83 4= 1.5:(72:1bh) 1-1/2 4" swivel joints Ref. 33.4, Sh. 1, item 12 Ref. 17, Pg. 11
Reducer := 3.5-1bf 3 x 4 Standard Reducer Ref. 33.4, Sh. 1, ltem 26 Ref. 5
Pipe 4 = 7.58-%~f Attached 3 inch pipe Ref. 33.4, Sh. 1, ltem 30 Ref. 15, Pg. B-16
Pipe 4 := 10.79-%f Attached 4 inch pipe Ref. 33.4, Sh. 1, ltem 29 Ref. 15, Pg.B-17
L pipe = 2.25-in Length of aftached pipes (typ)
RE 34 = L pipe (Pipe 3 + Pipe 4) + Reducer RE 344 =6.944 -Ibf
Wf] = Flange3 + E gg + SJ 3 + 8T g +RE 34 Wtj =169.524-1bf Combined Weight of fittings and joints

Total Weight of Pump Assembly :

Wp=W + Wiose ¥ W

3
contents * Wtj +We Wp=3375:10" -Ibf Pump Assembly

pump

Wpp = 12Wp Wpa =4.05~103 -1bf Impact Loading Considered’
Ref. 7, Pg. 5-29, Section A4.2

HNF-2474, Rev. 0
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CHECK of PUMP / WINCH SUPPORT SYSTEM COMPONENTS

3/4" Diam. Pump Support BOLTS

(Assume A307 structural bolts, worst case.)

ny =8
2
Ay = 0.442:in
Fy = 10000- 2%
.2
in

(“{ PA~W pump)

np
act =

Al

S g0 =296.982-—

SF =33.672

Number of bolts used

Cross sectional area of bolt

Allowable shear strength of bolts

Ibf Calculated shear stress

m

Safety factor > 5

Ref. 33.4, Pg. 1, ltem 33

Ref. 7, Pg 4-5, Table 1-D

Pump Support Brackets welded to the 3"x3" square tube plates.

o

ARy = 4w-th
Ibf

S v 25000-7—2
i’

S 1= (0458

_ Wpa
Sact= ARy
s
sF =L

S act

} w=0.595in

th=0.3751n

ARy =0.892-in”

4 b
S =1.125+10" -

3
S aot =4.538:10° -

SF =5.509

Width of Shear plane.

Plate thickness

Area of brackets loaded by the bolt.

Ref. 33.8, Sh. 2, Detail A. ;

le— 2,50 —a]
—a=] st 72
Figure 1 [
‘ 3.00
y £

A

2.81 THRU

x

Yield strength of ASTM A240 Type 304L

Allowable Stress

Calculated stress on brackets.

Safety factor > 3 oK

HNF-2474, Rev. 0
Page D-12
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Sizing of Bolts connecting Pump to Sheave Assembly Brackets Ref. 336, Pg2
Shear stress I i
T
1
D:= (0481 - %)-in Bolt Diameter | '
|
n-D2 !
2 g A, =0439 in” Cross Sectional Area |
k. Lﬂ’!_:::: -
B o PAl R —101310° ot —“h’—u— i
bolt ™ {77y bolt = - Force of Pump Assembly felf by &ach shear plane.
Folt 3 Ibf
SactT S act =2.307-10 = Calculated Shear Stress per Bolt.
Ag in’
sy 100000_%’ Yield strength for ASTM A 193, Class 2, B8T
in’
» _ 4 Ibf 7
S ap = 0.22:8 y S =2210 m—z Allowable Shear Stress Ref. 7, Pg. 4.5
S all .
SFg:= 5 SF g =9.535 Safetyfactor >3  OK

act

HNF-2474, Rev. 0
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Welds connecting pump support brackets to the 3" x 3" plate,

Feo PA Weld Tensile Load
X 4 ("x" direction on subroutine skefch, below)
2.50 .
Mum = (T - 0.72)»m Moment arm (Moment about Z )

(distance from weld centetline to load application point)
WELD PROPERTIES;

Ref. 33.6, Sh. 2, Detail A.

b:=0.375in Weld Outline Dimension - short side Ref. 8, Pg. 7.4 6 &7
Y d:=251n Weld Outline Dimension - long side
R b
— Cy:= 5 Cy =0.188-in Location of center of gravity with respect to y axis.
Fa b B kA d < . T .
2 Cz = 3 Cz=125+in Location of center of gravity with respect to z axis.
/
X
v Aw= 2:(b + d) Aw =5.75+n Weld length (1 Bracket)
2
Swy = b-d + % Swy =0.984 -in? Section modulus about y axis
Swz:=bd+— Swz =3.021 +in® Section modulus about z axis
(b+ d)3-
Jw = — Fw =3.961 +in® Polar Moment of Inertia
JOINT LOADS:
Tenslle  Fx=1013-10" -Ibf Fy = 0.1bf Fz = 0-Ibf
Moment  Mx = 0-in-Ibf My == O-in- Ibf Mz = (FsM yrm)
WELD STRESS:
Fe My M\? [Fy MxCp\? (F2 Mxce\?| Ibf
. A T (L A Y fw =353.74 —
Aw Swy Swz Aw Jw Aw Jw in
EILLET WELD S1ZE REQUIRED:
S = 15800-psi Allowable Weld Stress per AWS & AISC Ref. 9, Pg. 7.4-8
W= 5 7?;; 3 w =0.032in Minimum Allowable Fillet Weld Required by Design
W Code = <—3—m) Minimum Size Fillet Weld Required by Code Ref. 7, Part 5,
16 for material thickness of 3/8". Section J.2.2, Table J2.4
W oot = Gm) Weld size specified in design drawings. Ref. 33.6, Pg. 2
Wact < "
SF g = —— SF g, =7.895 Safety factor based ona 1/4" weld >3 0OK
w

HNF-2474, Rev. 0
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Weld on the two 3" x 3" x 3/8" plates attached fo the 3" square tubes.

W "
PA Weld Tensile Load
Fx=— (In "x* direction on subroutine sketch, below) Ref. 33.6, Sh. 182, ltem 17
_{2.50 . Moment arm (Moment about Z imposed by eccentric bracket loading.
arm = - - 0.72]in
Ref. 9,Pg.7.4 6 &7
WELD_PROPERTIES: b= 3in Weld Outline Dimension - short side
Y- d = 3:in Weld Outline Dimension - long side
b
’—b_ Cy:= 3 Cy=15+n Location of center of gravity with respect to y axis.
z— ‘-z d . ) - .
Cz:= 3 Cz=15-in Location of center of gravity with respect to z axis.
e
oy Awi=2:(b + d) Aw=12-in  Weld length (1 Tube)
2
Swy = b-d + 3 Swy =12 -in? Section modulus about y axis
2
Swz = b-d + 3 Swz=12+in® Section modulus about z axis
Q
3 IuD3/8
Jw = @ Jw=36-i° Polar Moment of Inertia
JOINT LOADS: f Figure 2
Tensile Fx=2.02510° -Iof Fy = 0-1bf Fz = 0-1bf y«@
Moment  Mx = 0-in-Ibf My := 0-in-Jbf Mz = (Fx»M arm) *
WELD STRESS:
Fx My Mz\> [Fy MxCy\® (Fz MxCz\*| Tof
o | . A +<—y+‘—) +<—+—> fw =258.196.-—
Aw  Swy Swz Aw Jw Aw Jw in
FILLET WELD SIZE REQUIRED:
§ 1= 15800-psi Allowable Weld Stress per AWS & AISC Ref. 9, Pg. 7.4-8
fw .
W 7T S w0023 pinimum Allowable Fillet Weld Required by Design
W Code ® <i»in> Minimum Size Fillet Weld Required by Code Ref. 7, Part 5,
16 for material thickness of 3/8". Section J.2.2, Table J2.4
W oact = (1_56 in> Weld size specified in design drawings. Ref. 33.6, Pg. 2
Wact "
SF g = SF gy =13.52 Safety factor based on a 5/16" weld >3  OK
w

HNF-2474, Rev. 0
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WEIGHT of SHEAVE ASSEMBLY (Supported by Axles)

490.8'1%f
ft

W steel =

Weight of 2 Sheaves

V gheavs = 4| (025 in)-

4

W sheavs = (V sheavs W steel) =64.498 1bf

W sheavs

w(9.5in)° 7t4(1.508-in)2H . 2_[(2&11)_[1!-(7.25&11)2
4

(Ref.7, Page 6-8)

Volume

(1508 in)”
4

(Ref. 33.6, Item 3)
Weight

Weight of 2 Square Tubing Support Arms
Ibf
ft
L fube = 2(17.875-in)

W jube = 8.81

W tube = L tube ™ tube W tube =26.246 -1bf

Weight of 3 x3 x 1/4 Square Carbon Steel Tubing :

Totai Length of 2 Support Arms

(Ref. 16)

(Ref. 33.6, tem 2)

Weight

Ibf
W= 15.32:—
p: o

Weight of 4 Support Brackets

w081 i A

A plate = 4 (25)(3) - 1 7 plate

W brackets = A plate W pst W brackets = 2-547 - 1bf

Weight of 2, 3x3 x 3/8 End Plates

.2 _ .2
Aplate 2(3:3:) A plate =18 i
Wends = A plate’ ™ psf W ends = 1-915 +1bf
Sheave housing walls
=(1505)% || . 2
A plate = 2 (QD-(AD) - (22) - 2| === ||1in
W housing = A plate™ pst W housing = 47544 1o

Weight of 3/8 in. Hot Rolled Carbon Steel plate per square foot:

(Ref. 16)

=23.939-in” Area of 4 Brackets (Ref. 33.6, ltem A)

Weight

(Ref. 33.6, ltem 2)

Area of 2 Plates

Weight

(Ref. 33.6, Detail 2

A plage =446.884-in”  Area of Wall Plate

Weight
HNF-2474, Rev. 0
Page D-16
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Sheave housing cross brace (Ref. 33.6, ltem 2)

A plate = 2 (((8625)-(1)) - (3:3) - (4545))in A i, =13125+in  Area of Cross Brace Plate

plate
W prace = A plate’ ™ psf W prace = 13.964 +1bf Weight
Sheave housing Stabilizer Braces (Ref. 33H.6, ltem 2)
A plate 4-(( 1.5)~(7))<in2 A plate =42 in? Area of Bracket Plates
w braces = A plate™ psf W praces =4-4681bf Weight

Sheave Assembly Support Bracket

A plate = Hg (1«52> * (3'3)] - ; (1-52) ]‘in2 A plate = 10767 -in?  Area of Bracket Plates
(Ref. 33.6, ltem 2)
W sab = A plate'w pst W sab = 1.146 -1bf Weight

Retrieval Cable Bracket (Ref. 33H.6, ltem 6)

=(1.25%) Tl g i 3
V op = 1 2:(047)- T+(1.25<3)] - Z»(o,75 M+ 0251.5:3) + 2:2:3-0.54) bin
Vop =13.022 in® Metal Volume of Bracket
W40 = OA284-'1—b3f Weight of ASTM A-240 Tp 304 SST
n
Wep=VeyWagy  Wep =3.698:1bf ° Weight
Retrieval Cable
W rope = 24'3‘7(15%% Weight per 100 ft of 3/8", 7 x 19 in Strand Core Wire Rope Ref. 33.4, item 20
Lrope = (638.33 - 608)-ft mee =30.33-ft Total Length of Wire Rope
W]rope =w mpe~mee Wrope =7.37-1of Weight of %5 ft of Wire Rope Ref. 22

Sheave Assembly Base Plate

Ref. 33.6, ltem 2
A plate = (Q0.5)(B5))in® A e =71754in”  Area of Plate (Re em 2)

W psf = 20.42-%f Weight of 1/2 in. Hot Rolled Carbon Steel plate per square foot: (Ref. 16)
ft
Wpase = A plate’W psf W pase = 10175 -1bf Weight

HNF-2474, Rev. 0
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Weight of Axles

Ibf
; =601 —
W NGO ( ft )

L e = 2:(5.0-in)

axle

Total Length of 2 Axles

W ande = L axde™W NGO W axle = 5008 -1bf Weight

Weight per ft of 1-1/2 Inch Diameter Nitronic 60 Round Stock

Total Weight of Sheave Assémblz

WA ™= W sheavs * W tube * Wirackets * W ends * W housing * W brace

FWoracest Wsabt Wep v W * Whase t W

rope axle

HNF-2474, Rev. 0
Page D-18
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Weld Strength of the welds atfaching the 3"square tube to the Sheave Assembly Baseplate.

Fx:

_ Wpa*Wigbe * Wbrackets * W ends

Weight of Sheave Assembly components

2

2.50 .
My = <T - 0.72>-m

WELD PROPERTIES:

below baseplate. Ref. 33.6,8h. 2.

Moment arm (Moment about Z imposed by eccentric bracket loading.

b= 3:in Weld Outline Dimension - short side Ref. 9, Pg.7.4 6 &7
Y, d:=3in Weld Outline Dimension - long side
b b .
Cy= 2 Cy=13+n | scation of center of gravity with respect to y axis.
r e Cz = d Cz=15-i
Y Gy Z=L3tn | cation of center of gravity with respect to z axis.
X Y -~ Cina:
Awi= 2:(b+ dz) AW=1240 el fength (1 Tube)
-~ b 1h.2
Swy = bd = 3 Swy =124 5o tion moduilus about y axis
2
Swz = b-d+d— Swz =12 -in”
’ 3 Section modulus about z axis
3
_(b+d) .3
Jw= 3 Jw =36-in Polar Moment of Inertia
JOINT LOADS:
Tensile Fx =2.04'103 «Ibf Fy := 0-1bf Fz = 0-1bf
Moment  Mx := 0-in-Ibf My := 0-inIbf Mz = (FsM gy
WELD STRESS:
Fx My Mz\2 [Fy MxCy\? [Fz MxCz)\? o3 Iof
fw||l—+——4— +|—+———m] #|—+ fw =260.153 -—
Aw  Swy Swz, Aw  Iw Aw Jw in

FILLET WELD SIZE REQUIRED:

S := 15800-psi
fw
W=
0.707-8

3.
e[

Y Code

SF g =

Allowable Weld Stress per AWS & AISC Ref. 9, Pg. 7.4-8
w=0.023 in Minimum Allowable Fillet Weld Required by Design
Minimum Size Fillet Weld Required by Code Ref. 7, Part 5,
for material thickness of 1/2". Section J.2.2, Table J2.4
SF 5y =8.051  Safety factor based ona 3/16" weld >3 OK

HNF-2474, Rev. 0
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Stress on sheave axles

Ref. 33.6, Pg2, ltem 44

Shear stress

=== . 25 —=] r——:,.so——]
D= 1.5in Axle Diameter (5p) B N

50

1
D2 '
A= ) A, =1767 -in? Cross Sectional Area H—# 1.500
v
£ Shear Plane 4 Tyﬁ ?
Figure 3
Wea-W + W
SA xl PA
Fode = % F oxle =529.2121bf Force of sheave assembly felt by each shear plane.
Faxte B Iof .
S aets = N S actg =299473 = Calculated Shear Stress at each shear plane.
a m
Sy= 44400-1i2f Yield Strength of ASTM A-276, ARMCO Nitronic 60 Stainless Steel Ref. 25, Table 36
in’ (1.5" not listed. Stress used is conservative for 1")
. _ 4 lbf lowable S
S alg = 0.4-8 y S ang =1.776:10 = Allowable Shear Stress Ref. 11, Sec.1.8
in
S alls
g SF ¢ =59.304 Safety factor >3  OK
S aotS

Bending stress

D,,=0.18in Thrust Washer Thickness Ref. 33H.6,Pg.2, ltem5
(Moment arm on axle between sheave and housing.)
M:=F e D Moment applied to axle
1.5, . . . .
y= 5 in Distance from centroidal axis to outside fiber.
4
I:= =D Axle Moment of Inertia
64
My Ibf . .
S aetB = S actp =287.494 = Calculated Maximum Bending Stress per axle. Ref. 8, Pg. 177
I i (Table of Simple Stresses)
= 233310 2L Alowable Bending St
Sag=0758y  Syp=333 - owable Bending Stress Ref.7,Pg 5-48
n (F2-1)
SF o S alls
B~%g 2oiB SF g =115.828 Safety factor >3 OK

HNF-2474, Rev. 0
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Shear Stress of Sheave Housing at Axles

Calculation considers two plates in double shear at each axle.

Depth of Housing Plate section

D= 5in

Th = z-in Thickness of Sheave Housing Plate
8

A,=DTh4 A,=15 i Area of metal supported by axles

Ref. 33H.6, Pg. 2, Item 2

Fsir= Wpa+Wiabe * Wbrackets * W ends * W housing * W brace * W braces * Wsab * Wb * W base

F gy =4.162: 103 +lof Force on sheave Housing

S, = 250004%‘

Y
in
c 44 Iof
San= (O.45)-Sy S g =1.125-10 =
in

Allowable Stress

F
S act = SH S et =354.911 E Calculated Shear stress on Housing.
Ay in?
N >
P el SF =20.974 Safety factor 3 O_K
S act

HNF-2474, Rev. 0
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Strength of Weld between housing walls and 1/2" base plate.

Fx=Wpa + Wibe * Wprackets * Wends * W base
Fx =4,.091-103 -lbf  Weld Tensile Load  (In "x" direction on subroutine sketch, below)

WELD PROPERTIES:

b:=3.5in  Weld Outline Dimension - short side : Ref. 9,Pg.7.4 6 &7
d .=20.5-in  Weld Outline Dimension - long side

b
Y . =175 i
t C 2 Cy =175+in Location of center of gravity with respect to y axis.
b
i
Cz = % Cz =10.25-in Location of center of gravity with respect to z axis.
z df—
) Aw = 2:d Aw =41+in Weld length
X Swy = bd Swy =71.75 -in? Section modulus about y axis
&
Swz = 7 Swz =140.083+in” Section modulus about z axis
2 2
d-\3- d ’
Jw = olav &) Jw=1561-10° i’ Polar Moment of Inertia

JOINT LOADS:

Tensile  Fx=4.091-10° -Ibf Fy = 0-Ibf Fz:= 0-Iof
Moment Mx = O-in-1bf My := 0-in-1bf Mz := 0-jneIbf
WELD STRESS:
2 2 2105
Fx My Mz Fy MxCy Fz MxCz
= —— — 1 s + [ . Ibf
Aw  Swy Swz Aw Jw Aw Jw fw =99.781 ; .
FILLET WELD SIZE REQUIRED:
§:= 15800-psi Allowable Weld Stress per AWS & AISC Ref. 9, Pg. 7.4-8
. fw
W 0.707-S w =0.009 *in Minimum Allowable Fillet Weld Required by Design
W Code = <i-in> Minimum Size Fillet Weld Required by Code Ref. 7, Part 5,
16 for material thickness of 1/2". Section J.2.2, Table J2.4
W Code

SF g = SF 1, =20.991  Safety factor based ona 3/16" weld >3  OK
HNF-2474, Rev. 0
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Check of Retrieval Cable and Brackets
Check of Retrieval Cable

Wpa = 3375:1bf Total Weight of Pump Assembly , impact loading not considered.

Wgp = 188578 1bf  Total Weight of Sheave Assembly ‘

Wpp + Wgp =3.564-10° -Ibf

S cable = 22800-Iof Breaking Strength of Type 304 Stainless Steel, 1/2", 6 x19 IWRC Cable

S
SFm— o qp g3 Safety factor > 5 OK

(Wpa+Wga)

Cable Support Brackets welded to the Winch Plate Ref. 33.7, Sh. 2, Detail 3 1.5
Shear
0.75 ) 0.75 THRU
wi={1.25-—|in w =0.875+in Width of Shear plane.
2 1.25
. . . 1.25
th:= (.4687)-in th =0.469 +in Plate thickness
A =2(wth) A =082in” Area of bracket loaded by the clevis pin.
S y= 30000-%‘ Yield strength of ASTM A240 Type 304
in
S 1 = (0.45)-8 s =135-10° 2%
all = (0:43) 5y all = & w2 Allowable Stress Ref.7, Part 5, Chap. D.3.1
w +W
S gt = (LSA) S act =4345-10° Jof Calculated stress on brackets.
A in2
Sanl ' :
SF = —— SF =3.107 Safety factor > 3 OK
5 act

HNF-2474, Rev. 0
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Cable Support Brackets (continued...)

Bearing Stress
Hole Diameter

d:=0.75in
A= <%!-th> A =0552-in Bearing Surface Area.
Iof )
S y = 300004—2 Yield strength of ASTM A240 Type 304

1n

4 Ibf
S, =2710" —

m

San =098y Allowable Stress

VearWsa o

1bf
S aot — act = Calculated stress on brackets.
m

=6.454-10° -

S
SF := ‘SF =4.184 Safety factor > 3 OK

HNF-2474, Rev. 0
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Weld connecting Support Bracket to the Winch Plate. Ref. 33.7, Sh. 2, Detail 3
WELD PROPERTIES:
b:=1.5in Weld Outline Dimension - short side Ref.9,Pg. 7.4 6 &7
Y d:=3in Weld Outline Dimension - long side
> Cy = —: Cy =0.75+in Location of center of gravity with respect to y axis.
r— ‘-z d . . Lo .
Cz = 3 Cz=15"in Location of center of gravity with respect to z axis.
4
X
N Aw = 2:(b + d) Aw=9-in Weld length (1 Bracket)
- 2
Swy = b-d + % Swy =35.25 ‘in® Section modulus about y axis
2
Swz = bd+— Swz =7.5+in Section modulus about z axis
3
b+’ 3
Jw = e Jw=15.187+in Potar Moment of Inertia
JOINT LOADS:
Tensile Fxi=Wpp+Wgp Fy:= 0-1bf Fz = 0-1bf
Moment Mx = O-in-1bf My = 0-ine Ibf Mz := O-inIbf
WELD STRESS:
Fe My MV [Fy MxCy)? (P2 MxCz 2| Ibf
B LI A Y b A | — fw =395.953 «—
Aw  Swy Swz \Aw Jw Aw Jw n
FILLET WELD SIZE REQUIRED:
S := 15800 psi Allowable Weld Stress per AWS & AISC Ref. 9, Pg. 7.4-8
W= 6—% w =0.035-in Minimum Allowable Fillet Weid Required by Design
W Code © (idn) Minimum Size Fillet Weld Required by Code Ref. 7, Part 5,
16 for material thickness of over 3/4". Section J.2.2, Table J2.4
Code "
SF gy = SF g, =8.816 Safety factor based on a 5/16" weld >3  OK

HNF-2474, Rev. 0
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Weld connecting Eye Tabs to Sheave Housing

WELD PROPERTIES:

Ref. 33.6, Sh. 2, Detail 3

Ref. 9, Pg. 7.4 6 &7

Location of center of gravity with respect to y axis.

Location of center of gravity with respect to z axis.

fiv=445447 'lbf

T b= 3-in Weld Outline Dimension - short side
T‘Lﬂ d:=2in Weld Outline Dimension - long side
cy=2 Cy=154
2 /‘ ol — y = 2 y=15m
/ d
L Cz= Cz=1-in
Aw:=2.d Aw =4 in Weld length
Swy = b-d Swy =6 “in? Section modulus about y axis
&
Swz = — Swz = 1.333 +in Section modulus about z axis
2 2
d-\3- d
Jw = y Jw =10.333 in° Polar Moment of Inertia
JOINT LOADS:
Wopat+W
Tensile  Fx:= O-Ibf Fy = H Fz = 0-1of
Moment Mx = O-ine Ibf My = O-in-1bf Mz := O-ine 1bf
WELD STRESS:
Fe My Mz\2 (Fy MxCy\? [Fz MxCz\? o2
Ef—r——+—] +|—+ +i—+
Aw  Swy Swz, Aw Jw Aw Jw

FILLET WELD SIZE REQUIRED:

5= 15800-psi Allowable Weld Stress per AWS & AISC Ref. 9, Pg. 7.4-8
v .
W 0.707-S w =0.04+in Minimum Allowable Fillet Weld Required by Design
W Code = (im) Minimum Size Fillet Weld Required by Code Ref. 7, Part 5,
16 for material thickness of 3/8". Section J.2.2, Table J2.4
Woact = (%m) Weld size specified in design drawings. Ref. H6, Pg. 2
SF gy im—=  SFg,=6269 Safetyfactorbasedona3/16” weld >3 OK

HNF-2474, Rev. 0
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Shear on Eve Bolt Ref. 33.6, Pg2
D= 3 D =0.703 -i _i- J_
o™ =05 Axle Diameter " !
D2 1 I |
A= ”? A, =0388 “in? Cross Sectional Area
f
Wea+tWpa 3
F axle = — F oxle = 1782107 -Ibf Force of sheave assembly felt by each shear plane.
F axte 3 Ibf
S et = N S acts =4.589-10 = Calculated Shear Stress per axle.
a m
S g 1ooooo-l%f Yield Strength of ASTM 193, Class 2, B8T
in’
S s = 0.4-Sy Sans =410 1—0; Allowable Shear Stress Ref. 11, Sec.1.8
n
allS
SFg:= SF g =8.717 Safety factor >3  OK
actS
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Weight of Reel Axle (12) Supported Components
Wpp 1= 4050-Ibf Weight of Pump Assembly (Impact Considered)
Wgp = 188.578 Ibf Weight of Sheave Assembly
Weight of Reel (Ref. 33.5, Sh. 234)
Weight of 2 Flanges
Wopsf 15.324%f Weight of 3/8 in. Hot Rolled Carbon Steel plate per square foot: (Ref. 16)
o :
A plats = 2-{%[-(282 -3.25%) bin? A plate =1215:10° -in  Area of 2 Flanges
w flanges = A plate™ psf Wﬂanges =129.253 +Ibf Flange Weight
W3 = 24.03-%‘ Weight per ft of 3 Inch Diameter 304L. Round Stock Ref.16
= Iof Weight per ft of 1-15/16 Inch Diameter 304L Round Stock
W1.938°F 10‘02'? eight per ft of 1- nch Diameter ound Stoc Ref. 16
Ly = (3.75-in) Total Length of Hub
Wuba = Lhub'(“' Y r1.938> W paba =4.378+Ibf  Inner Hub Weight
Weight of Outer (Reel) Hub (Ref. 33.5, Sh. 6)
. 6-8
W oo = 49082 (Ref. 7, Page 6-8)
& 2,255
11.75) . s
T solid = (T>-m T solig =35-875in
2 . : v
A solid = T solid I cutout = 3-62-n 2
T 2 3
cutout . a2 .2
A outout ™\ |+ 2 (L5:80)°F gupout| + [(15225)in?) « [(§~5)-m ]
A =36.694-in”
cutout O Approximation of Semicircular Cutout Area.
w = 2-in Hub Length
Vi = (0 (A gofid - Acutout) V¥ hub =143.479+in”  Metal Volume of Hub
W hubB = (V b W steel) W pubp =40.752+1bf  Approximate weight HNF-2474, Rev. 0
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TOTAL Weight of Reel

Wireel = W flanges * W huba + W hubB W el = 174.383 -Ibf

Weight of Gear

W gearps = 105:Tof : Weight of 54 tooth 18 PD, 3 DP, 3" Spur Gear Ref. 20
obtained by telecon from Boston Gear, 8/15/95.

Weight of Wire Rope
Tof

W rope = 069-; Weight per ft of 1/4 x 1-1/2 in Flat Wire Rope Ref. 8, Pg. 332, Thl 7

mee = 75-ft Total Length of Wire Rope Ref. 33.1

mee =w mpeLrope Wrope =51.75-1bf Weightof 75 ft of Wire Rope

Weight of Reel /Spur Gear Shaft (Axle)

W= 10.68~%f Weight per ft of 2 Inch Diameter 4140 Round Stock Ref. 16
1o . . Ref. 16

W 1938 = 10.02-E Weight per ft of 1-15/16 Inch Diameter 4140 Round Stock

W95 4.17~% © Weight per ft of 1-1/4 Inch Diameter 4140 Round Stock Ref. 16

W shapt = [ (105540} w 1 g38 ] = [ (544-im)w ] + [(55:in)w 1 5] W gpaq =15.562-Ibf  Axle Weight

Weight of Pump, Sheave and Rope Assemblies on Reel Hub
Wb = Wpa + Wea + Wigpe WHub=4'29‘103 Ibf
Weight of Loaded Reel on Axle (12}

WReel = Wpa+ Wga+ Wieel + Wrope, W Reel =4.465-10° -Ibf

Total Weight of Reel / Spur Gear Assembly on Bearings

WRA=WPA+ WA+ Wreel * Waeards + Wiope * W shaft WRA=4'585'103 Jbf

HNF-2474, Rev, 0
Page D-29



ICF KAISER o

W-320-27-019

Revision No.: - 0

HANFORD COMPANY PageNo. ¢ of 7 -
DESIGN ANALYSIS .

Client ~ WESTINGHOUSE HANFORD COMPANY WO/Job No.  ER4319 Filename  WIN-07.mcd

Subject WINCH ANALYSIS - SLURRY/SLUICE PUMP Date 9/8 /95 8y D.L. STONE

PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked < / 9/ G5 By M.R. CUSTER A/ c -

Location C TANK FARM - HANFORD 200 EAST AREA Revised By

Shear on Reel Axle (12) Bearings

S.
s s, 3, s S, —
D2 = (100328 b3 - ( 1060} weight per foot of Shaft ! 2 4 5
ft \ ft Wreel Wgear
. Ref. C, Page 1-108 \[,
D2 D3
I
| I i I
BI 2 €3 3 B2
i g5 | 1025 {
s1:=38%in = Span1 = Axle Length between Bearing 1 and Reel. Ref. 33.5, Pages 1 &5
1
5= 4.61-m Span 2 = Axle Length between Reel and Center Bearing (Bearing 3).
s = 3.435-in Span 3 = Axle Length between Bearing 3 and Diameter change.
s 4= 1.625in Span 4 = Axle Lerth between Diameter Change and Gear 25.
s :=5.19in Span 5 = Axle Length between Gear25 and Bearing 2.
5
it Ref. 8, Page 191
=
d g =1.9375-in Iy:= —6:2— [, =069017 “in* Moment of Inertia for shaft diameter = 1.9375 in
wd 34 4
dg:=2in Ig:= ) 15=0.7854+in Moment of Inertia for shaft diameter = 2 in
I 3 3
Kpoerm/———1> K1 =0061"in Stiffness Factor adjusted for simple supports.  Ref. 13, Page 530
(s 1+s 2) 4
I3 3 .3 . . .
Kgiz o= Ky =0.057-in’ Stiffness Factor adjusted for simple supports.
(s 3+S+s 5) 4
DF gy := DF gy =0.515 Distribution Factor Ref. 13, Page 528
Ki+K .
< Distribution Factor
DF = DF 5 =0.485
KTRTTR K2

HNF-2474, Rev. 0
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Loading on Axle from Bearings B1 to B3
W e = 4465-1bf Ref. 13, Page 528
w s
152
Fepl = L() F g1 =2.422- 103 -Ibf Concentrated vertical Load at B1
Wreel ( 173 2)
W (s
11
F: Feps = ,(JSEL)_) F 3 =2043:10° -Ibf Concentrated vertical Load at B3
S 1 S 2
Bl B3
. D2(sy+s 2) :
- Fg= — F 4=3.553-1bf Distributed vertical Load from B1 to B3

Fpr=Fep1+Fq

Fp3=Fep3+Fyq

F gy =2425.159-1bf Combined vertical Loading at B1.

F g3 =2046.947 -1bf Combined vertical Loading at B3,

Fixed End Moments (SpanB1 - B3)

Pz Wieel

l=sj+s,
w = D2

Ps 1-522
FEM g =

‘ P-s 12-52
FEM  p3 =

w-I*
Mam 5y

FEM| = FEM g1 + My

FEMp = FEM g3 + My

Concentrated Load

FEM g, =5.100:10°
3
FEM g3 =4.311+10

M 4 =5.033 -Ibfin

Ref. 13, Page 528
Ref. 33.5, Pages 1 &5

Total Spacing

Distributed Load  (Conservatively assumed as spanning full length of beam.)

«Ibfiin Left Fixed End Moment resulting from Concentrated Load

<Ibfin Right Fixed End Moment resulting from Concentrated Load

Fixed End Moment resulting from Uniformly Distrbuted Load

FEMy =5114.024 -1bf'in

FEM i =4316.09 -Ibf-in

HNF-2474, Rev. 0
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Loading on Axle from Bearings B3 to B2 ’ Ref. 13, Page 528

= 103-1bf

gear
¥ W gear (5 5)

F B R F =53.166-Ibf Concentrated vertical Load felt at B3

B3 B2 N w gear’ (S 3ts 4)

Y | .
TR e eey)

F gy =51.834-1bf Concentrated vertical Load felt at B2

(1.32453) + [D3~(S4 +55)]

Fq= > F 4=4471-Iof  Distributed vertical Load from B1 and B2
Fpp=Fepp+Fq F gy =56.303 Ibf Combined vertical Loading at B2.
Fpy3=Fp3+Fy " F B3 =57.637-Ibf Combined vertical Loading at B3.

Fixed End Moments (Span B3 - B2 Ref. 13, Page 528
P:= Wgear Concentrated Load

1= (s 3FS4+s 5) _ Total Spacing

w = D3 Distributed Load  (Conservatively assumed as spanning full length of beam.)
. 2
P-(s3+54)<(55) . ' .

FEM g3 = ———————— FEM g3 =136.216-Ibfin Left Fixed End Moment resuiting from Concentrated Load

I

2
P~(S3+54)-(55) ) . ) .

FEM gy = ——————— FEM g, =132.804-Ibfin Right Fixed End Moment resulting from Concentrated Load

I

w-I?

My:= ETS M 4 =7.799Ibfin Moment resulting from Distrbuted Load

FEMp = FEM g, +Mg  FEMp =140.603 -Ibfin

FEM| =FEM g3 +My  FEMy =144.015-Ibfin

HNF-2474, Rev. 0
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REEL SHAFT FORCES AND MOMENTS

Determined by Moment Distribution Method for Beams

Fixed End Moments
Reaction Due to Unbalanced Moment
Distributed Reactions

Sum

Simple Support Reactions of:
Vertical Load, P/L + wlL/2 (AISC)
Distributed Moments , M/L

Sum

Total Vertical Reactions at Supports

| 0.515 0.485]
5114.02 4316.09 -144.02 140.60
5114.02 2557.01 -70.30 -140.60
0.00 -3429.27 -3229.51 0.00
3443.83 -3443.83
2425.16 2046.95 57.64 56.31
-405.16 405.16 335.98 -335.98
2020.00 2452.10 393.62 -279.68
2020.00 Ib 2845.72 Ibs -279.68 lbs
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Reel Shaft Forces
Determined by Moment Distribution Method for Indeterminant Beams
BI = 2020.00-Ibf B3 = 2843.72:Ibf B2 = -279.68-Ibf
Bending Moments for Reel Axle (12}
D2 =10.032 %f D3 =1069 %bf Weight per foot of Shaft
3
W oo S4:465:107 <Ibf W oo, =105-1f .
S1_ ., f2 sS4 . S5
i
a=BI a=2.02-10° -Ibf W:lr:el Wixbear
bi=a- (s))D2 b=2.017-10° -Ibt o7 ] D3
3 ! }
cib- Wy ¢ =-2.448-10° -Ibf Bl 83 B2
di=c- (s,)D2 d=2452-10" -Ibf B B
T el g
N ——— N
e:=d+B3 ¢ =393.614-Ibf LIS
v i
fze-(s3)D2 £=390.742 Ibf
g=f- (54) D3 2 =389.295 Ibf |
c
hs g W h =284.205 -Ibf A -
"
i=h-(s5)D3 i=279.671 1ot 1 !
M M,
j=i+B2 j=0-Ibf W, s
| 2[Tvy 4
Maximum Bending Moment on the Shaft
(a~b)~(sl) 4 ) . )
M= b-(s 1) e M| =7.851-10" -Ibfin < Maximum Bending Moment
(d-c)(sy
My= My + c-(52)+-——2(—) M, =-3.444-10° -Ibfin
(e-1f)(s3
Mj = My ﬁ(S3)+% M3 =2097-10° -btin
(f-g)(s
My =My + g-(s4)+# M4=~1.463-103 -Ibfin
_ (h-1i)(s5) o A
Ms=My+|ifss)+ T M 5 =0.554 -Ibfinssz 0-(Ibfin) HNF-2474, Rev. 0
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Equivalent Radial load - Radial Ball Bearings
Shaft End (B1 and B2) Bearings

Pillow Block, RSAQ (1-1/4" Shaft Diameter) Ref. 27,Pg 174
Bearing, GN104KRRB Ref. 27, Pg 144
C = 4500-1bf Published STATIC LOAD RATING (Maximum Permissible Radial Load)
Ref. 27, Pg. 174
ig=1 Number of adjacently mounted bearings.
R := Bl Maximum APPLIED RADIAL LOAD on Bearings
Thr = 0-1bf APPLIED THRUST LOAD on Bearing
Thr " .
Korhe = 3 C Koppe =0 Relative Thrust Load Factor for Ball Bearings  Ref. 27, Pg. E-50, Table 1.1
B*o
Y{=0 Thrust Load Factor for Ball Bearings (from Table 2) Ref. 27, Pg. E-51,
Table 2
Formula for Single Row WIDE INNER RING BALL BEARINGS
Equivalent Radial Load on Bearing is the Larger result of the two following Formulas
P:=056R+Y | Tt P= 1.131-10° -Ibf Ref. 27, Pg. E-50, Table 1.2
PR P =202:10° -Ibf
25C, Fi
SF := = —— SF=5569 Given that actual bearing failure (ball fracture or disintegration)
P Fact would require 2 to 3 times the Static Load Rating, a factor of

2.5 times Co has been assumed to represent Ultimate Strength. Ref. 28
Safety >5 0K

HNF-2474, Rev. 0
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Center Bearings (B3}

Flanges, RCJO (1-15/16" Shaft Diameter) Ref. 27, Pg 186

Bearing, GN115KRRB Ref. 27, Pg 144
C , = 8000- 1bf Published STATIC LOAD RATING (Maximum Permissible Radial Load)
igi=2 Number of adjacently mounted bearings. Ref. 27, Pg. 174
R--B3 Maximum APPLIED RADIAL LOAD on Bearings
Thr = 01bf APPLIED THRUST LOAD on Bearing

. Thr _ R . Ref. 27, Pg. E-50,

Kopr = ipc Kpe =0 Relative Thrust Load Factor for Ball Bearings Table 1.1
Y =0 Thrugt Lon Eantar £2- Bl Bearings (from Table 2) Ref. 27, Pg. E-51,

Formula for Single Row WIDE INNER RING BALL BEARINGS

Equivalent Radial Load on Bearing is the Larger result of the two following Formulas
P=056R+Y The P=1594-10° -Ibf

PR P=23846-10° +Ibf

SF =14.056 Safety factor > 5 OK

HNF-2474, Rev. 0
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Radial Distance from Reel Axis to Outermost Coil of Wire Rope on Reel

HNF-2474, Rev. 0

Page D-37

Wrap Diameter Circumference Radius
d c
Hub Diameter 11.75 36.91 5.875
Wrap 1 12.25 38.48 0.25
Wrap 2 12.75 40.06 0.25
Wrap 3 13.25 41,63 0.25
Wrap 4 13.75 43.20 0.25
- Wrap 5 14.25 44.77 0.25
Wrap 6 14.75 46.34 0.25
Wrap 7 15.25 47.91 0.25
Wrap 8 15.7% 49.48 0.25
Wrap 9 16.25 51.05 0.25
Wrap 10 16.75 52.62 0.25
Wrap 11 17.25 54.19 0.25
Wrap 12 17.75 55.76 0.25
Wrap 13 18.25 57.33 0.25
Wrap 14 18.75 58.90 0.25
Wrap 15 19.25 60.48 0.25
Wrap 16 19.75 62.05 0.25
Wrap 17 20.25 63.62 0.25
Wrap 18 20.75 65.19 0.25
Sum 933.05 10.375
Length of Wire Rope 933.05 inches
{Length of Wire Rope 77.75 feet).
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Axle 12 Center Bearing Stresses

B3 .= 2845.72-1bf Vertical loading at Center Bearings

M2 := 3444:1bf in Moment at Center Bearings

Bearing Stress on Wall at the Screws

Plate Thickness

Hole Diameter

A= (%dv.h> A =0.54-in Bearing Surface Area.
lof "
S y= 36000~—2 Yield strength of ASTM A36
in’
S 1= (0.9)S s, =324-10% 2o
all = (0.9 Sy all =3 2 Alowable Stress
act B S act = 1.318-103 ot Calculated stress on 1/2" wall plate.
4A in”
San
SF := 3 SF =24.591 Safety factor > 3 OK

act

HNF-2474, Rev. 0
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Check stress on 5/8 - 11 - UNC - 2B Hex Head Screws

Shear
ny =4 Number of Screws per Housing
np=1 Number of Bearings
n= 151 Number of threads per inch
D= g‘i“ Major Diameter of Screw

2
09743}- in” A =0226-in"

Ag= 0,7854AHD~ <

F , = 100000 si

Tensile Stress Area of Screw

Ref. 33.5, Sh. 3

Ref. 7, Pg. 4-147

Ultimate Tensile Strength of A193 Class2
B8T Stainless Steel Fasteners

S = 017F Sa= 1A7-104 “psi Allowable shear strength of screws  Ref. 7, Pg. 4-5
B3 _ 3
act " b AT S g =3.148-107 -psi Calculaied shear stress
R
" =54 Safety factor > 5 OK
S act
Tensile
ny =2 Number of Screws stressed by Moment Ref. 33.5, Sh. 3
d:=5.125in Center to center distance of housing bolts.  Ref. 27, Page 186
=
d "
y:= 5 Housing base edge to screw C;_distance to
| s determine maximum prying stress.
Lt [
M2 3 3 . .
Fr=—mr0 F1=1344-10" -Iof Tension on Screws resulting from combined
ngy moment on housing
- F T 3
act = vAT T 4ot =2.973:107 +psi Calculated Tensile stress at each screw
T =033F, Allowable Yield Strength in Tension Ref. 7, Pg. 4-3
Tan
—— =11.098 Safety factor > 5 OK
T act

HNF-2474, Rev. 0
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Design of Reel Axle
W g, = 429010
R := 10.375-in
T:= Wiy R

M, = 7851-Iofin

Determination of Torsion on a Shaft of Varying Diameters
Lpc = 1.625in

L pp = (4.61 +3.435)-in

T =4451-10* -inlbof

Weight on the Reel Hub

Outer radius of reel plus 18 layers of
1/4"x 1-1/2" flat wire rope wraped on the reel.

Applied Torsional Moment on winch axle

Maximum Bending Moment

Shaft Section Lengths

Lag , Lec
d ppg = 1.9375-in dpe=2in Shaft Diameters
Wreel Wyear
Gs = Gb Modulus of Rigidity \’I,
dag ™ d

TL 32 AB BC
o = [—2 Twist Angle A B ¢

G n-d4 .

Eguation 1 Equation 2
s = fxc Tap+Tpe = T=4451-10* Iofin

(TAB'LAB 32 )=

Tpelpe 3 )

4 G 4 T =T-T
G rdug b ndpe AB BC
Taplag) _ (Teclme
4 4
dAB dpc
T Lpe) [dag’
AB_ L (ZBCLIAB Y s
Tpc L aB/ \dget
TaAR= Tpe*
Tag = Tan
Tpe® = Tapplied~ TBC

(T BC'X) +Tpe

Tpe(x+ 1 =

T
T = —
BCT (x+ 1)

Ta=Tpcx

=T

applied
T applied

- Tpc =3.779-10" “Ibfin Torsion on Section B

TAB =6.722~103 Ibfin  Torsion on Section A

HNF-2474, Rev. 0
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Design of Reel Axle , (continued.....)
Ibf "
S y= 120000-—2 Yield Strength of ASTM A291-92, Class B Steel
. in
1b .
Sauc = 0308y S alic =3-6° 10* ~—§ Maximum Allowable Shearing Stress Ref. 8, Pg 270
in for Combined Torsion and Bending ((b), Below Table 2)
Py=0.758 ¢ Py =2.7'104 Ezf Maximum Allowable Stress for Solid Shafts Ref. 8, Pg 270
in’ using Keyways
Be=1 - B defines hollow shafts and is assumed Ref, 8, Pg 270
- as 1 for solid shafts. (Below Table 3)
K= 10 Combined Shock and Fatigue factors for Ref. 8, Pg 270, Table 1
Kp=15 Steady, gradually applied, loading
1
1P
2
D o= B 2 (K pyMy)?+ (K¢ Tpo)?] | Do=19554in  Minimum Required Ref. 8, Pg. 269,(32)
Py ] Shaft Diameter for Combined .

Bending and Torsional Loading

D ot = 1.9375in Design Shaft Diameter

D aet2D ¢ oK

HNF-2474, Rev. 0
Page D-41
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Key stress

Key, Reeland Spur Gear (typical) = 1/2"x 1/2"x4.75".

Iof
F ky = 100000'7

n

- 4 .
SAI\y = 0.577-F ky SAky =577-10" -psi

Reel

A gy = (0.50-in)-(3.75-in)

A g =1875in

d pp = 1.9375+n
daB
rr:=—2—
T
AB 3
Fryrs—— Pl =6.939-10° bt
F Ibf
S - bt S e =3701:10° =
Akyr in?
SAk}
SF , =15.591 >3 0K

Yield Strength for

Ref. 33.5, Page 5

(ASTM A 276-94b, Type 304, Condiiton B)

Allowable Shear Stress |

' Spur Gear
Atgyg = (0.50-in)-(4.75-inm)

_ L2
Ajyg =2375¢in
dBC:z 2-in
dgc
rgT—
T
BC 4
Flge = - Fiyg =3779°10" -
g
Fi.,
kg I
skyg..A—kyg S joyg = 159110
A
SF_- 5
8 Skyg
SF ¢ =3.627 >3 0K

HNF-2474, Rev. 0
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Ibf

Ref. 11, Page 370

Area of key cross section

Shaft Diameters

Shaft Radius

Force’on key

Stress on key

Safety factor
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Loading on Circular Hub

Eorces / Moments on Reel Hub

W Hub -= 4290-1bf Weight on Reel Hub

T = 44510-1bfin Torsional Moment

Tension= Wy~ Tension=429-10° -Ibf Tension on Rope

d:=1.5in Rope Diameter (Width of Flat Wire Rope) Ref. 33.1

D:= 11.7§-i_n Hub (Drum) Diameter Ref. 33.5, Page 6

P M P =486.809--M Radial Pressure - Ref. 8, Pg. 334

Dd in?

h = (2.255)in Hub Thickness (Radial)

D= (11.75in-h) D, =9.495-in Hub Mean Diameter

cire := D ) circ =29.829-in Hub Circumference at mean Diarneter

F_q:=Pd F_,4=730213 l—b—f Distributed Force due to Radial Pressure  Ref. 33.5, Sh. 4
rad rad in

Forces and Moment on Reel Hub

Stresses on curved beam are calculated using the standard straight beam formula, S = Mc /[, multiplied
by a Stress Correction Factor, K. This calculation considers the initial straight beam length to be the
distance between bolts, or 1/8 of the hub circumference.

cire

JxF=0= WHub*“Frad'(?)-RrRz

cire circ cire\ {cire
+ =0= Roi{— | -Wyw!|l—I-Fmgl—I—
Diwcon )l el

cire cire\ {eire
W g o =3 (_ 1=
Hub(16)+ rad\8>(l6>

3
Ry = R 5 =3.506-10" -1bf
? sire ’
8
cire _ 3
Rl:WHub*Frad'(?)_RZ R =3.506-10 -Ibf

HNF-2474, Rev. 0
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Bending Moments for Hub as a Straight Beam
Whib
3 Distributed I Radial Losd
a=R a=3.506-10" -1bf
! , LIJTUIITTTTTT
cire < 103
b=a- Frad'(ﬁ) b=2.145-10" «Ibf
3 R, Ry
ci=b- Wiy ¢ =-2.145-10" -lbf o e -
f— R -

cire

"8
N = . 3 .
b

e=d+Ry e =0-Ibf

Maximum Bending Moment for Hub as a Straight Beam

I
(a_b).'mﬁ\

Myb (30 e MLy 25268410° bfin
1""\76 2 !

Calculated Straight Beam Stress

b= 24in Hub "Length” (Axial) b=
h=2.255-in Hub Width (Radial) ]
bh® T 7"
1= 22 1=1911-in* Moment of Inertia J
12

Parameters for determination of Stress Correction Factor, K

T
i

=4.211

o | ™

-

-

Interpolation of correction factor for inside fiber
A.-B:
1 1

A4 a;=12 xi’=Ai_ci-(ai—ci)
B;=4211 b;
C:z6 CiEl.lz bi'=ai—xi bi=l'192

1

HNF-2474, Rev. 0
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Calculated Curved Beam Stress

_Ml'c
I

S:

S =3.108-10° -psi

3 .
S et =byS S et =3.703-107 -psi

S v 120000-psi

S = 0458 San =5.4-10* “psi Allowable Tensile Stress

y

S
S all _4sa1 Safety Factor >3 OK

act

HNF-2474, Rev. 0
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Maximum Stress for inner fiber of a Curved Beam

Yield Stress for ASTM A-291-92, Class 6, (BHN = 321)

Ref. 11, Page 12
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Analysis of Reel Hub Connections
W g = 4290-1bf
P:= 486.809'&2f
in

fbf
Frag= 730.21343

T = 44510-Ibf in

b= 2:in

h = (2.255)-in

D, =(1175in-h) D =9495in

circ =D circ =29.829-in

Concentrated Vertical Load on Reel Hub

Radial Pressure

Distributed Force due to Radial Pressure
Torsional Moment
Hub Length (Axial)
Hub Thickness (Radial)

Hub Mean Diameter

Hub Circumference

HNF-2474, Rev. 0
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Check stress on 1/2 - 13- UNC - 2A x 1-1/4L Hex Head Screws

ny=8 Number of Screws
n:=13 Number of threads per inch
1.
= Major Diameter of Screw

974
A= 0A7854-HD - (0 4 3)

2
-inH A =0.142+in?

F , 1=:125000-psi

Tensile Stress Area of Screw

Ref. 33.4, Pg. 4, Item 63

Ref. 7, Pg. 4-147

Ultimate Tensile Strength of A193 Class2
B8T Stainless Steel Fasteners

S :=017F San =2.125-104 “psi Allowable shear strength of screws Ref. 7, Pg. 4-147
W oad = Preire Wid = 1.815-103 Ef Uniform Load resulting from Radial Pressure,
Dy m - per screw.
Wi+ W +b
S ot = T red? S 40 =6977-10° psi  Caloulated Shear Stress Ref. 7, Pg. 4-147
npAT
w rad'b2 . . " LW
M 4= —Q M g =605.051-lbfin  Moment due to radial loading. / red
W Hub U:% h=2225"
- 1
Meon = 2 M (on = 134.063 -1bf in Moment due to concentrated loading. -
—He—
M +M u 4
Wopw 24 con W =655.533 +Ibf Tensile Force on Screw
- 2"k

¥r = ® .psi Caloulated Tensile st
act —K; S et =6.977°107 +psi alculated Tensile stress
Tap=33Fy T =4.125-104 “psi Allowable Yield Strength in Tension
N T
Joan Call SF =11.975 Safetyfactor > 5 OK
act T act
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Weld Stresses Resulting from Radial and Vertical Loadin

WELD PROPERTIES:

Ref. 9,Pg. 7.4 6 &7

Y
d:=11.75-in Weld Diameter
z d z d
{ Cy:= 3 Cy =35.875:in Location of center of gravity wrt b.
X ) d
¥ Cz = 3 Cz =5.875-in Location of center of gravity wrt d.
- Aw = 7nd Aw =36914-in Weld length
2
7 d .2 .
Swy = - Swy =108.434 «in’ Section modulus
Swz := Swy Swz =108.434+in”  Section modulus
7 13
T = T“ Jw=1274-10" «in® Polar Moment of Inertia
JOINT L OADS:
F fagliin
Tensile Fx:= — Fy = W ggpsin(61.1-deg) Fz = W yyrcos(61.1-deg)
Moment  Mx = T My = Fz- 4 Mz := Fy- ®
. 2 2 2
WELD STRESS:
B My Mz\? (Fy MxGy\? [Fz Mxc2\| Ibf
fw = ————+—y+— + —y+—y +[— + ) fw =266.512—
Aw  Swy Swz Aw Jw Aw Fw in

FILLET WELD SIZE REQUIRED:

S := 15800-psi

w=0.024 +in

W Code
SE fiw = w

SF §, =13.098  Safety factor >3

Allowable Weld Stress per AWS & AISC

Ref. 8, Pg.7,4-8

Minimum Allowable Fillet Weld Required by Design

Minimum Size Fillet Weld Required by Code

for material thickness > 3/4".

oK
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Tooth Loading on Gears Ref: 33.5, 8Sh. 1

Axle 15

[ el = 10.375in Maximum Radius of Coil on Reel

Ref. 20, Page A 83

ry5:=9in  Piteh Radius of Gear 25

Ty4 = 2+in Pitch Radius of Gear 24 bRef. 20, Page A 83

Gear 25
ry = 6in  Pitch Radius of Gear 26 (Worm Gear) Ref. 20, Page A 83
T worm = 2:00-in Pitch Radius of the WORM
Wypgp = 4290-1bf Weight on Reel Hub

Tip=WiHubTreel 112 =4.451-10" -Ibfin Torsional Moment on Axle 12 imposed by Winch Reel

T2

— =4.945-10° -Ibf Force transmitted to Gear 24 by Gear 25
r25

Fian = Ftran

T115Firant24 Ty =9A891-103 *Ibf-in Torsional Moment on Axle 11 Gear 25

Tn

F =1.648-10° “Ibf Axial force on Worm by Gear 25

F worm

worm =

r26

AGMA Strength Formula_ ‘
AGMA Strength Formula Ref. 12, Page 407
S y = 120000 Yield Strength for ASTM A-291-92, Class 6, BHN = 321
Interpolation of K|

1 1
A =250 a;=24 xi:=A'_C"(ai—ci)
B;=321 b, »ot
C;=450 o34 bimajoxy b§=2755
Ky =b; Ky =275 Life cycle Requirement
Temp := 220 Operating Temparature
Kp= 460  Temp Temperature Requirement
620
Kri=15 Reliability Requirement
S y'KL 5
= S =2.01-10 Calculated Allowable Strength for Gear Teeth
KrKgr

HNF-2474, Rev. 0
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Lewis Beam Strength Formula (Barth Revision) for Tooth Loading on Spur Gears

Gear25 - 54 tooth Spur Gear on Reel Axle (12)
Djys5:=18 in Pitch Diameter Ref. 20. Pg. 15
Fi=3 in Face Width
P:==3 Diametral Pitch
Y =0352 Tooth Form Factor Ref. 20. Pg. 137
pm = 1.08 Reel Speed

ft
V= 0262:D p5pm Y =5.093 ~——
- min

ci= 600
weo |SEY o W owaro1a10® b
P c+V
F = Wolbf
T
12 I I
Pt = — P =4.945-107 bt
r25
L SF =14.183
act

Pitch Line Velocity Ref. 20. Pg. 137

Material Constant for Metallic Gears

Maximum Safe (Allowable) Loading Ref. 20. Pg. 137

Safety factor >3 OK

Lewis Beam Strength Formula (Barth Revision) for Teoth Loading on Spur Gears

Gear24 - 12 tooth Spur Gear on Axle (11) Ref. 20, Pg. 15
Dyg=4 in Pitch Diameter
GR = 4 Gear Ratio
12
Fi=4 in Face Width
P Diametral Pitch
Y = 0.210 Tooth Form Factor Ref. 20. Pg. 137
V= 0.262:D 94 (GR-rpm) V =5.093 & Pitch Line Velocity Ref. 20. Pg. 137
min
¢ = 600 Material Constant
SFY | ¢ - 4 . .
W= 5 v W=5579:10" Ibf Maximum Safe (Allowable) Loading Ref. 20. Pg. 137
C +

F = Welbf

Tu 3

act=—— F ot =4.945:10° -Ibf Actual Loading on Gear 24
24 .
Fan

SF = 7 SF =11.282 Safety factor >3 OK HNF-2474, Rev. 0

act
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Worm and Worm Gear Analysis
1:= 4.767-deg Lead Angle
f,0= 14.5-deg Pressure Angle
m := 0.06 Coefficient of friction
W gy e 1 3 Transmitted Load onto the GEAR
Gt = = . .
26 Wt =1.648-10 . Ibf Normal to the worm-tooth profile, Page 453
) - neglecting friction.
W= Wit
W = Weeos fn)sin(l) W =132.631-1bf Tangential vcomponent of force onto the worm Ref. 11, Edition 5,
Page 565
= W-sin fn) Wy =412.744 -1bf Radial component of force onto the worm,

/= W-cos(fn>-cos(l) W, =1.5910° -Ibf

W ot = W (cos ‘\'l'n>-ca>(i) - m-siuu))

W, =1582:10° -Ibf friction considered.

gt

Wy = W,-mWsin() W, =158210° -Ibf Axial force on the WORM.

Wt = WitmWeos(l) W, =231.197 1bf

Transmitted Load onto the GEAR
Normal to the worm-tooth profile,

Axial component of force onto the worm.

Ref. 11, Edition 1,
Page 454

Tangential force acting on the WORM.

Ref. 11, Edition 5,
Page 565

Ref. 11, Edition 1,

w g -W ot Wga =-231.197 -1bf Axial force acting on the GEAR.

Wg: = Wy = Wy Wgr =412.744 -Iof Radial force acting on the GEAR.

Wt Wy W gy =-1.582:10° Ibf Tangenfialforce acting on the GEAR.
Tw = ' worm' W wt Ty =462.394 Ibf in Required Torsional input to the WORM.

Page 454

* Due to the greater contact area and inherent strength of the worm teeth over the gear teeth,
a comparative analysis of the worm Gear will be considered as a conservative comparison for

the worm for this calculation.

HNF-2474, Rev. 0
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Gear 26 - 36 tooth Worm Gear on Gear Axle (11)

Lewis Beam Strength Formula (Barth Revision) for Tooth Loading on Spur Gears
Doyg=12 in

Y :=0.223

: f
V = 0262 D 55 (GRrpm) V=1528 ——
nmin

¢ = 600

SFY

P

[

F gy = Wbf

c
c+V

)

W=2913-10* Ibf

R}
F ot =4.945:10° -1bf

SF =11.282

Pitch Diameter

Face Width

Diametral Pitch
Tooth Form Factor
Pitch Line Velocity
Material Constant

Maximum Safe (Allowable) Loading

Actual Loading on Gear 26

Safety factor >3 OK

HNF-2474, Rev. 0
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Shear on Gear Axle (11) Bearings

D2 = <6.01-1%f) D3 := (3.77-%> Weight per foot of Shaft Ref. 7, Page 1-108
51 :=3.815in LS1—T-—Sz 53—I—54
sq:=1.135in Wyear 26 Wyear24
s3 = 1.46:in ——J_—'#‘
54 =3.66in 2 o /l\
W gearzs 40TE  Woog =g B 4P e

Gear Shaft Forces

TsF=0=  BI+B2-D2(495in) - DI (51240 - W gepng - W

2
D2~<4'9}m>
2

gear26
)8 Mgy= 0= (B210.07in) -

2
D2, <4.95~1n)
2

= (D3-(5.12in) (7.51in)) = W gearog (641i0) = (W goapq3.815:im)

+D3(5.120)-((75140) + W geprp4(6:41:00) + W genpe (3.815:in)

B2:=

10.07-in B2 =23.66-1bf
Bl = D2-(4.95n) + D3-(5.12:in) + W gearog + W g5 - B2 Bl =31427-1bf
Shear
266 2 184 25
a:= Bl a =31.427-Ibf
Wyear 26 Wyear24
b=a-(s1)D2 b =29.517Ibf - , J
D2 D3
c=b-W gear26 ¢ =-10.483 -1bf /i\
' B2
d=c- (s,)D2 d=-11.052 -Ibf o
a
e:=d- (s3)D3 =-11.51+Ibf e i
fizo- Woeand £=-22.51 -bf v .
] .
gi=f- (s 4)-D3 g =-23.66 *Ibf d ] ]
]
_ \
h:=-(g+B2) h=-3.534-10"1 Ibf ~w 0 " y |
1
2
L _—h‘\_,_\l"li
HNF-2474, Rev. 0 M \\ M
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Maximum Bending Moment on the Shaft

(a-b)s,
M, :=b-(s 1) +[T

M21=MI+ c-(sz>+ >
May=My+ d><s3)+—2—~
M4'=M—3+ 5(54)*(—%:-2&4-)

<d'°>'(32)]
<e"d>'(83)}

M =116.251Ibfin <-mmeeemmmee Maximum Bending Moment

My =104.03 -Ibfin

M 5 =87.56-Ibfin

M 4 =3.068Ibfin

'Equivalent Radial load - Radial Ball Bearings
Pillow Block, RSAO (1-3/16" Shaft Diameter) Ref. 27, Pg. 174

Bearing, GN103KRRB

Ref. 27, Pg. 144

C, = 3550-1bf Published STATIC LOAD RATING (Maximum Permissible Radial Load)
Ref. 27, Pg. 174
ig=1 Number of adjacently mt_:unted bearings.
2l nos
R:=B1 2 Maximum APPLIED RADIAL LOAD on Bearings
231.197
Thr := 31219 -Ibf APPLIED THRUST LOAD on Bearing
Thr " .
KThe " ——— K p =0.033 Relative Thrust Load Factor for Ball Bearings Ref. 27, Pg. E-50,
igC Table 1
Y =200 Thrust Load Factor for Ball Bearings (from Table 2) Ref. 27, Pg. E-51,
Table 2
For Single Row WIDE INNER RING BALL BEARINGS
Equivalent Radial Load on Bearing is the Larger result of the two following Formulas
P:=R P =31.427-Ibf Ref. 27, Pg. E-50
Table 1

P:=0.56:R+Y -Thr P =248.796-Ibf

Fan
F

C
SFec® =
P act

SF =14.269 Safety factor >3 OK

Due to low reactions at shaft ends, bearing stress on the wall at the Flange and bolt prying stresses
have been considered negligible relative to material tensile strengths.

HNF-2474, Rev. 0
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Design of Gear Axle (11)

Tyy= 9891 Dbfin  Tqq =9.891-10° -inlof

Applied Torsional Moment on Axle 11

My =M, My, =116.251 -Ibfin Maximum Bending Moment on Winch Axle
~ Ibf Yield Strength for
Sy = 120000-_~—2 (ASTM A-291-92, Class 6, BHN = 321)
m
Ibf . .
S e = 0308 y S e =36-107 — Maximum Allowable Shearing Stress Ref. 8, Pg 270
in2 for Combined Torsion and Bending {(b), Below Table 2)
P:=075S 0 Py =2.7-104 E Maximum Allowable Stress for Solid Shafts Ref. 8, Pg 270
in2 using Keyways
Bl B factor defines hollow shafts and is assumed Ref, 8, Pg 270
- as 1 for solid shafts. (Below Tabie 3)
Ky=10 Kpn=15 Combined Shock and Fatigue factors for Ref. 8, Pg 270,
1 Steady, gradually applied, loading Table 1
3
!
saT 2 272 Ref. 8, Pg. 269,(3a)
D.=B P—tl(K M b) + (K T 11) ] D, =1232+in Required Shaft Diameter for Combined

D o= 1.313:in Design Shaft Diameter

D ,t2D OK

act

HNF-2474, Rev. 0
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Key stress

Key, Spurand Worm Gear (typical) =3/8 "x 3/8"x2.375".

Ay [2in)2375in Ay =0891-in Area of key cross section
k=3 K

Ref. 33.5, Sh. 5, ftem 11,

Sh.1,ltem 78
. Ibf Yield Strength for
Fy = 100000-— (ASTM A 276-94b, Conditon B, Type 304)
m
- _ 4 Ibf
S 1= 0.577°F y S 1 =5.7710 -—2 Allowable Shear Stress Ref. 11, Pg. 370
: in
Worm Gear (26) Spur Gear (24)
15 1.1875
ry = —in rg s —tin Shaft Radius
2 2
T 4 Tn 4 .
Fiw=— Fiw =1319-107 -Ibf Fre=— Fi s =1666-107 -Ibf Force on key
Tw Is
Fiaw Fi. .
Sy = S oy = 148110 L Sper— sy =1gra0t M Stress on key
Ak .2 Ak .2
mn m
San San Safety factor
SF 4 = SF = ——
S kw Sys
SF 4, =3.897 >3 OK SF 4 =3.085 >3 oK

HNF-2474, Rev. 0
Page D-56



ICF KAISER
HANFORD COMPANY

Cale. No.  W-320-27-019
Revision No.: 0
PageNo. ¢"s~ of 77

DESIGN ANALYSIS
Client ~ WESTINGHOUSE HANFORD COMPANY WOMob No.  ER4319 Filename  WIN-16.mcd
Subject WINCH ANALYSIS - SLURRY/SLUICE PUMP Date 9/8 /95 By D.L.STONE
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked & /?/C/‘_S' By M.R.CUSTER 74L.
Location C TANK FARM - HANFORD 200 EAST AREA Revised By

Design of Worm Axle (15}
Wgt = 1582-1bf

W = 17-1bf Weight of the worm
W ya -= 1582:1bf Axial force on the worm.
W oaxmax = Wwa + Wy Maximum Thrust loading on Bearing

W gt = 231197 1of Tangential force acting on the worm

Transmitted Load onto the GEAR normal to the worm-tooth profile.

1 444 444 B,

{ 288 {
W g = 4127744 1bf Radial force acting on the worm. N 1337
Load acting on bearings.
By inspection:
My, = 0.5W 0 (444in) My =916.292-1bfin Maximum Bending Moment on the Shaft
Ry = 2:in Pitch Radius of the Worm
Tw=RyWanr T g =462.394 -1bf in Applied Torsional Moment on the Axle
Determine Minimum Diameter of Axle Required
S = 120000- Iof Safe Static Stress for.40 C. Alloy (Heat Treated)
v .2 (ASTM A-291-92, Class 6, BHN = 321)
mn
S anc =038 v S alc =346'104 Jof Maximum Allowable Shearing Stress Ref. 8, Pg 271
in2 for Combined Torsion and Bending ((b), Below Table 2)
P¢:=0758 ¢ Py =2.7-104 Jof Maximum Allowable Stress for Solid Shafts Ref. 8, Pg 270
in2 using Keyways
B=1 B factor defines hollow shafts and is assumed  Ref, 8, Pg 270
a as 1 for solid shafts. (Below Table 3)
Ki=10 Knp=10 Combined Shock and Fatigue factors for Ref. 8, Pg 270, Table 1
1 Steady, gradually applied, loading
3
1
2

D, B ;;:-[(Km-Mb)2+(KfTW)2] : D, =0579+in

D pot = (1.50)in

Dyet2D g oK

Required Shaft Diameter for Combined
Bending and Torsional Loading Ref. 8, Pg. 269, (3a)

Shaft Design Diameter at Worm Centerline

Acceptance Criteria for Minimum Shaft Diameter

HNF-2474, Rev. 0
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Allowable Loads for Radial Tapered Roller Bearings

Bearing: Timken TDI, Cone: 17116D, Cup: 17244, Bore Diam. 1.1875", ) (Ref. 26, Pg 212)
Fe= Wi F=231.197Ibf
Fo=Wyr F =412.744 1bf
w ax.max
N — F,=799.5-Ibf APPLIED THRUST LOAD per Bearing

02 . .2 . (Ref. 26, Pg 49, 50)
F 3815 in F 3.815-in F y4in
F. 5= + F A =431.704 -1bf Bearing Reactions (Typical
A 7.63-in 763in  2-(763)-in A o (Typical)
K:=1.53 . Relative Thrust Load Factor for Bearings
0.6:F
Fp= s a
K
. pis
3 ) ) DocaLe LIee v
P:=05F 5 +083-KF , P=144610 «Ibf Equivalent Radial Load for Single Row (Ref. 26, Pg 40)
RADIAL TAPERED ROLLER BEARINGS
Py := 1.374-(18100-1bf) Maximum Permissible Radial Load at 175 rpm
Pall
SF = = SF =17.197 Safety factor > 3 0K

HNF-2474, Rev. 0
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Key stress

Key =3/8"x3/8"x2.00"

Ay (%-in)-z.oo-in Ay =075 in?

Area of key cross section

Ref. 33.5, Sh. 5, item 15
and Sh. 1, ltem 78

Ibf
Fy = 100000-— Yield Strength for
inZ (ASTM A 276-94b, Condiiton B, Type 304)
S.1:=0577-F S —577'104 E Ref. 11, Pg. 370
all” %27y all = 2 Allowable Shear Stress et 1 Fe.
mn
1,
Tw=7m Shaft Radius
Fpo e Y F 1y, =616.5251bf
kw © : kw =25 Force on key
Frw Iof
Siow - S joy =822.004+= Stress on key
mn
S alt
SF = SF  =70.192 >3 OK Safety factor
S kw

HNF-2474, Rev. 0
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Stress on the worm axle Support Bracket Ref. 33.5, Pg. 5, ltem 20
8.00.
3 ) ) =28
W o =1.582:107 Ibf Axial force transmitted to shaft at the worm I i
W _ - N - AE_‘ .
F housing = Y& Force divided by number of bearings. -E.:}_ - 1825
L 600 — ?
w = 1.6251n Width of Housing base. .00
t:= 1.00-in Height of Housing base. 25
b=6in Distance between bolt (I }— R 2
= 6in istance between bolts
2425 i
! V1] oo
Cy=2125in Distance from Mounting Block to f l
Bearing Center Line (Moment Arm) — ] ™ 0.63

Mp= Wy, CL

Check Stress on Bearing Housings

Torsion at Base

S = 145000-psi

S 4y = 0358,
s

SE=—Y  SF=11.944
S act

Mp =3362:10° “Ibfin

Moment on the worm axle pillow blocks.

Torsion per section

LA

Ref. 11, Pg 55

=9

S act =4.249-103 “psi Formula to approximate

torsional stress on a rectangular area.
Ultimate stress for ASTM A291
Ref. P, Pg 423 »

Safety factor > 5 OK
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Page D-60




ICF KAISER

HANFORD COMPANY
DESIGN ANALYSIS

Client ~WESTINGHOUSE HANFORD COMPANY WOWob No.  ER4319
Subject WINCH ANALYSIS - SLURRY/SLUICE PUMP Date 9/8 /95
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked 4 / 42

C TANK FARM - HANFORD 200 EAST AREA Revised

Location

Calc. No.  W-320-27-019
Revision No.: §
PageNo. §9 of 7%

Filename ~WIN-16.mcd
8y D.L.STONE

By M.R. CUSTER A7
8y |

Shear and Bending at Housing Ring

cup = 2.46:in Bearing cup Outer Diameter
Hypy = 4.00-in Bearing Housing Ring Outer Diameter
Hpy - cup
= — th =0.77 *in Metal Thickness at thinnest section of the bracket
Ay = (weth)2 Ay, =2.502 -in2 Cross sectional Area at thinnest section of the bracket
S y = 120000-% Yield stress for ASTM A291
T
- =450 L Allowable Shear S 2
S 0.4»Sy S 41 =4.8-10 -7 owable Shear Stress
mn
F .
S pog = JOIIE 316,084 X Calculated Shear Stress
A .2
b n
2
Z = 3}% Section modulus of minimum Cross sectional area
My + My, 3
T et = —3z T 4t =6:312:107 -psi Tensile stress due to bending.
4
o= 0458 T =54+107 -psi
T S
g sss Zall 5y 858 Safety factor > 3 oK
T act 5 act
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Check stress on 1/2- 13- UNC - 2A x 1-5/8 L. Hex Head Screws

Shear
ny =2
ng =2
n=13
D= —in
0.9743\ . |T? 2
A 0.7854-HD - ( . )-in A =0238-in
n

F, 1= 125000-psi
- - 541 4 .
S = 0.17F 4 S a1 =2.125:10" «psi

) F housing

_ 3 .
S pet = noAT S act = 1.664:107 -psi
Sall
— =12.768 Safety factor > 3
act
Tensile
w=1.625"in
= w
¥y 2
Mp+M
FT-=(—u Fp=2633-10° bt
ngy
T, = 1 3
et " AT T o =5.539-10° -psi
4 .
Tap=033F, Ty =4.125:10" +psi
Tan
& —7.447
act

Ref. 33.4, Pg. 1, ltem 32
Number of Screws per Housing

Number of Bearing Housings
Number of threads per inch

Major Diameter of Screw

Tensile Stress Area of Screw Ref. 7, Pg. 4-147

Ultimate Tensile Strength of A193 Class2
B8T Stainless Steel Fasteners
Allowable shear strength of screws Ref. 7, Pg. 4-5

Calculated shear stress Ref. 7, Pg. 4-147

OK

Width of Housing base.

Housing base edge to screw Cy_distance to
determine maximum prying stress.

Tension on Screws resulting from combined
moment on housing

Calculated Tensile stress at screw

Allowable Yield Strength in Tension Ref. 7, Pg. 4-3

Safety factor > 5 OK
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Check Stresses in_Gear Housing at Axle #15 Bearing Housings
W, = 1582-1bF Axial force on the WORM.

W= 231.197-1bf Tangential force acting on the WORM.

Axial Radial
W= 412.744-1bf Radial force .
Base , := 1.625-in Width of Bearing Housing Base Ref. 33.5, Sh.5, ltem 2
Base = 8.00-in Length of Bearing Housing Base
thi= G + 0A63>-in Plate Thickness
M:= W ,+(3.00-in) M =4.746-103 «Ibf-in
Shear on Housing wall due to Radial Loading
A := Base th A =1836 -in2 Minimurn Cross Sectional Area of Plate
S act = % S aot = 112388 -psi Calculated shear at plate resulting due to radial load on worm.
Sy = 36000-psi Yield Strength of A36 plate at at 250°F.
S = 048 Sy =1.44-10% -psi
all =V Ry all =™ p Allowable shear stress
Sanl
SF = SF=128.128 Safety factor > 3 OK
act,
Stress in Housing Walt due to Torsional Moment resutting from axial force. Ref. 7, Pg. 4-147
Basey Block edge to C|_distance to
v 2 determine maximum prying stress.
Base [ Base
_ Basey Base Moment of Inertia of Housing base
12
My =1348-10° -psi
By 1 B =1348:107 -psi Calculated compressive shear at plate due to moment.
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Stress in Housing Wall due to Bending Moment resuiting from radial force.

1ZF=0= w, &, &,

Wr Wr
DEm=0= (Ry1262in) - |—162in- | —|762n
R, 2 2

W W
—Iy62in+ | =] 7.62im
2 2

v
Ryi=—— - R, =15111bf 3 =2
12.62-in l’ 'l'
Ri=W_-R,y R =261.644 -Ibf : R‘T Tnz
1627] 600 5.007
w6z —-i
a=Ry a =261.644 -Iof

b=55.272-1bf

¢ =-151.1-]bf

o
..
o
1
k3]
J
o
£ ___rr_l

2 My
/
d=c+R, d=0Ibf My
Maximum Bending Moment on the Wall
M = (a1.62/in) M | =423.864Ibf in
My=My+ (b-6.00-in) M, =755.498 -Ibf-in Cemmmmemmaem Maximum Bending Moment
My = My + (c:5.00-in) My =-125810"2 “bfin =~ 0

B, =068 y B =2.16'104 “psi Allowable stress due to Bending Ref. 7, Pg. 4-147
y-:t—; 3=0.565in C| of plate.
3 . . .
.. (10.01-im) L= 1204 -in? Moment of Inertia of Plate cross section
12
Myy
B,:= TZ B, =354.645 psi Calculated stress at plate due to bending
Ban
SF = | —— SF =12.686 Safety factor > § OK
B}+Bsy
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Design of Drive Assembly Shaft

T 1= 462.394-1bf in
My, = 0-in-1bf

Applied Torsional Moment on the Axle

Maximum Bending Moment on the Shaft

Determine Minimum Diameter of Axle Required

S = 120000'@ Safe Static Stress for.40 C. Alloy (Heat Treated)

y© 2 (ASTM A-291-92, Class 6, BHN = 321)

m
4 Ibf . .
S aqic =038 y S ¢ =3.6°107 - Maximum Allowable Shearing Stress Ref. 8, Pg 270
- in’ for Combined Torsion and Bending ((b), Below Table 2)
Py=0758 c Py =2.7~104 Jof Maximum Allowable Stress for Solid Shafts Ref. 8, Pg 271
in2 using Keyways

B=1 B factor defines hollow shafts and is assumed  Ref, 8, Pg 270

- as 1 for solid shafts. (Below Table 3)
Ki=10 K., =10 Combined Shock and Fatigue factors for

t

m 1 Steady, gradually applied, loading Ref. 8, Pg 270, Table 1
B
= Ref. 8, Pg. 269,(3a)
5.1 2 2 2
D =B P—‘- (KmMp)~ + (KiTy)
_ . Required Shaft Diameter for Combined
D, =0444-in Bending and Torsional Loading

D ot = 0.75:in Shaft Shaft Design Diameter
D 2D OK Acceptance Criteria for Minimum Shaft Diameter

HNF-2474, Rev. 0
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Calculation of Force Required to Compress Nut Lock Springs

Weight of Upper Shaft Assembly
1of

WisE 6.01<F Weight per ft of 1.5" A36 Rod Ref. 16
L gec5 = 1444-in Length of Upper Shaft Ref. 33.3, 8h. 3, ltem §
W1=wysLlsees W =7.232:Ibf Weight of Upper Shaft
Weight of Drive Assembly
W= 2.67-£f Weight per ft of 1" A36 Rod Ref. 16
2 f
L sec6 = 80.13-in Length of Drive Assembly Shaft Ref. 33.3, Sh.3,ltem 7
Wo=woLl e W, =17.8291bf Weight of Drive Assembly Shaft

Estimated weight of Socket

1bf .
Wigs =4I W= [(0783 £ 0358y inw s W, =039t  Upper Diameter of Socket

Wy = 10.68-%f Wy = [(2358in)w o] W, =2099-If  Lower Diameter of Socket
Wsocket ™ W3+ Wy W socket =2-495 1bf
Weight of Nut Lock Ref. 33.5, Sh.5, Item 19
Ibf . s
W 1375 = 16.5-—2 Weight of 3/8" Stainless Steel Plate Ref. 16
ft
d = 4-in Nut Lock Diameter
c:= 3491~in2 - ' Hex Cutout
p-d2 Total Plate Area of Nut Lock
ANLF=T-¢
4
WL ® Wpi375ANL WL, =0.992 Ibf

HNF-2474, Rev. 0
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Weight of Drive Guide Assembly

Ref. 33.5, Sh. 6, item 21

R sone = 3in Cone Large Radius
I eone = 1-5in Cone Small Radius
h gope = 7-5+in Cone Height
A pe =P (R Tin g B (R Cone A Ref. 8, Pg 64
cone = P ( cone ~ F cone) *Neone ( cone * ¥ conc) one Area et. o, Fg
A gope =169.008 -in
d oyl 4-in Support Cylinder Diameter
hcyl = 371-in Support Cylinder Height

Ao = Pdgrhep

A SecKK = pr (42 - 22>-in2

ADG = A cone t A oyl * A SecKK

1bf
W s69p1 = 7.5-—5
bid

Wpg = ADG W s60pl

A oyl = 46.621 ~in2 Support Cylinder Area
A gecrr =37.699 ~in2 Area of Section K-K
A pg =253.329 -in2 Total Area of Guide Assembly

Weight per square ft of ASTM 569 Plate ~ Ref.16

W g = 13.194-Ibf Total Weight of Guide Assembly

Wpa= Wi+ Wo+r Weoket* WL+ W DG

Wpa =41.742:1f  Total Weight of Drive Assembly

HNF-2474, Rev. 0
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Spring Force
L:=2.25in
thbp = 0.5:in
th ) = 0.375-in

SLjeq= L-thyy~thy SLoq=1375
k= 0.833<<53-1_£f> K =42149-F
m n
3
=i =0.375"in
3 in y i
ng= 3
F=ngky F =49.668 -1bf

Strength of Nutlock Bolts

Ref. 33.5, Pgs 1, ltem 36
Length of 1/2 -13 UNC-2B x 2-1/4 L Hex Screws Pgs 5, ltem 19
Thickness of baseplate.

Thickness of nutlock.

‘in Minimum Spring length required.

Spring Rate, Cat# C0O600-081-2000S
Multiply Spring Rate by 0.833 for Stainless Steel

Ref. 21, Page 19

Length of compression (Plate thickness)
Number of Springs

> Wpp Force required to compress n Springs y inches Ref. 11, Page 9

X M.4D6 THRU
& 1.56 HEX THRU
{3751
:‘J A2 pal 'MI
(7] 1l
| b 14,00 —

T:=05Ty, T =231.197 :Ibfin
T
W= - W =154.131-1bf
1.5:in

M= W-(1.375:in) M =211.931-Ibfin

Estimated Torsional Moment applied at the drive shaft
due to the transfer of load from Shatft 15 to the drive assembly.

Force at bolt ring

Applied Moment on Bolts

HNF-2474, Rev. 0
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Check stress on 1/2- 13 - UNC - 2B Fasteners

Shear

Ny =3

n:=13

D:= l<in
2

o.9743> P
-1

Aps 0.78'54-HD-< ] A =0.142+in”

F = 125000- psi

AV
S = 017F S a1 =2.125-10% psi
T S poy =362.069 +psi

s
Zall _sg 601
act

Tensile Stress due to bending moment

1=0.003-in*

My T pot =5.757+10° +psi

Tap=033F,

T
A 7166

act

HNF-2474,

Page D-69

Ref. 33.5, Pg. 5, item 14
Number of Fasteners Sharing Load

Number of threads per inch

Major Diameter of Fastener

Tensile Stress Area of Fastener Ref. 7, Pg. 4-147

Ultimate Tensile Strength of A193 Class2
B8T Stainless Steel Fasteners

Allowable shear strength of Fasteners Ref. 7, Pg. 4-5

Calculated shear stress

Safety factor > 5 OK

Major diameter of bolt

Radius of Bolt

Moment of Inertia of bolt
Calculated Tensile stress at Fasteners
Allowable Yield Strength in Tension

Ref. 7, Pg. 4-3

Safety factor > 5 OK

Rev. 0
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By

Design of Guide Idler

W o= 4250-1bf

Resolution of forces on idler axle due to loading from winch cable.

Dimension obtained

FH empty W p-cos

Tension on Wire Rope

from Autocad.

(61.1-deg) FH empty=2.o73~1o3 Ibf

Ref. 33.5, Pg 1, View A-A

Ref. 31

. o103
FV empty = W psin(61.1:deg)  FV gppy =3756:107 1ot

emp

FH gy11 = W -005(76.66-deg)

FV g1 = W -sin(76.66-deg)

My, = FH empty’

3.88-in

Stress on sheave axles

Shear stress
D= 15in

n pD”
a’ oy

W

T
w [ a—
axle <2>

s -~ W axle
actS ~
Ao

A

S, = IZOOOO-Ef
Y .2
i’

S anis = 045 y

S alls
S acts

SF g:=

_ .2
A= 1767 «in
W e =2.145:10° -Ibf
axle ~ -

_ 3 bt
S qots =1214:10° =

mn

4 Jbf
S ans =48:10° =

m

SF g =39.545

- 3
FV gy =4.174-10° -1bf

My, =8.044-10° “Ibfin

FH g =989.828-1bf

Moment on Bracket

b 3,00 —a

Maximum load condition at empty reel

Maximum load condition at full reel

Ref. 33.5, Pg. 4, ltem 8

Axle Diameter [‘<

L ]

Cross Sectional Area

[ i
.

il
f

Force of sheave assembly felt by each shear plane.

Calculated Shear Stress per axle.

Yield Strength for ASTM 291

Allowable Shear Stress

Safety factor >3 OK

HNF-2474, Rev. 0
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Bending stress

(Moment arm on axle between sheave and housing.)

D, =0.18in Thrust Washer Thickness Ref. 33.5, Pg. 4, ltem 7
|
|
|
|

M:=W e D Moment applied to axie
15, . . e
y = ——Z—»m Distance from centroidal axis to inside fiber.
4
I:= pb Axle Moment of Inertia
64 -
My 3 Ibf . :
B et =~ B et =1.165:107 ~— Calculated Maximum Bending Stress per axle. Ref.8B, Pg. 177
I in2 (Table of Simple Stresses)
B =075s, B,y =910t Allowable Bending St
al =%y all = 2 ending Stress Ref. 7, Pg 5-48
m (F2-1)
_ Ban
B~ = 5
act SF g =77.235 Safety factor >3 OK
3 2X R 1.3
Stress on Bracket Y160k Ref. 33.5,Pg. 4, ltem 5
THRU 2 Hotd
Shear, Horizontal -
0.6315 T
w = 0.672-in Width of Shear plane. 2x 3.88
th:= (3>-in th =0.375in Piate thickness 2.75 —emf
3 3.5 —
A= 2-(wth) A =0.504 ~in2 Area of bracket loaded by the axle.
Ibf
S y= 30000-— Yield strength of ASTM A240 Type 304
in2
S 1 (045)-S s =135:10% 2L Alowabte st Ref7, Part5, Chap. D.3.1
al = (0.45) y alt =1 - owable Stress 7, , p. D.3.
in’
FH
S ot = (e_mpty) St =41 14'103 Jof Calculated stress on brackets.
A .2
in'
Sall
SF = SF =3.282 Safety factor > 3 OK
act
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Location C TANK FARM - HANFORD 200 EAST AREA Revised 8y
Bearing
4= 1.054in Hole Diameter
pd _ .2 . »
A=2 T-th A =1.242-in Bearing Surface Area.
Ibf A
S g 30000-— Yield strength of ASTM A240 Type 304
in2
_ 4 Ibf
Sai= (098 S =27°10 2 Allowable Stress
- m
FV
act = % S act =34362'103 % Calculated stress on brackets.
mn
San .
SF := SF =8.032 Safety factor > 3 OK

act
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tocation C TANK FARM - HANFORD 200 EAST AREA Revised By :

Weld Strength at Base / Wall Connection

WELD PROPERTIES: Ref. 9, Pg. 7.4 6 &7
b= 0.38in Weld Outline Dimension - short side
Cyf d:=35in Weld Outline Dimension - long side
K
| Cy = E Cy=0.19-1
d z v 2 Y=o, Location of center of gravity with respect to y axis.
AE
—_ d N . .
L b _[ Cz = 3 Cz=175-in Location of center of gravity with respect to z axis.
Aw:=bd Aw =133 'in2 Weld length
b.d 4
Iy = ETH Iy =0.016 “in Moment of Inertia about y axis
b<c<13 4
Iz = o Iz=1358in Moment of Inertia ahout z axis
JOINT LOADS:
FV FH
full
Tensile Fx= — Fy = __e_szty Fz = 0-1bf
My,
Moment Mx := 0-in-Ibf My := 0-inv Ibf Mz := -
WELD STRESS:
0.5
2 2 2
Fx Fy Mz:Cz 3 .
S got = (A_w> + (A_w> + ( o ) 8 yct =5-472:107 +psi
FILLET WELD SIZE REQUIRED:
S g1 = 15800-psi Allowable Weld Stress per AWS & AISC Ref. 9, Pg. 7.4-8
Sal )
SF := s SF =2.887 Safety factor based on full pennetration weld == >3 OK
act
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Check stress on 3/4 - 10 - UNC - 2B Screws
Shear
n b =2

0.9743

n

rsomslfo-|

F = 125000- psi

-
Sall ‘= 0-17'Fu S, =2.125-107 -psi

FH grnpty 3

S
act npAT

s
Al g ss6

act

Tensile

y= 17500

My, =8.044-10° “Ibfin

My, 3
Fopo— Fop=4.597-107 lof
y

T o= i1 3

wt " AT T o =6.872-10° +psi
T 033F,
T

6003

act

)-m” A =0334+in?

=t 8 ot =3.099-10° -psi

Ref. 33.5, Pg. 3, Sec.C-C

Number of Screws per Bracket
Number of threads per inch

Major Diameter of Screw

Tensile Stress Area of Screw

Ultimate Tensile Strength of A193 Class2
B8T Stainless Steel Fasteners

Allowable shear strength of screws

Calculated shear stress

Safety factor > 5 OK

Bracket base edge to screw C_ distance to
determine maximum prying stress.

Moment on Bracket

Tension on Screws resulting from combined
moment on housing

Calculated Tensile stress at screw

Allowable Yield Strength in Tension

Safety factor > 5 OK

HNF-2474, Rev. 0
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Ref. 7, Pg. 4-147

Ref. 7, Pg. 4-5

Ref. 7, Pg. 4-147

Ref. 33.5, Pg. 4, item 5

Ref. 7, Pg. 4-3
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Forces and Moments on Winch Baéeglate

Weights of winch and winch housing components.

Ref. 33.5. Pg 3
T:=4290-1bf  Weight of Pump and Sheave Assembly o [ % ‘T‘525T1°32 s
162 130 457 IG 0
Axle 15 := 610-1bf [axe }qmn [Housing! 'Axte12
12 ¥
T
. - 130- 2073 ¢ ———
Axle 37 = 130-1bf s ;V —’
3751
Axle y5 = 162:1bf jarss
i
- i 27.875
Housing := 457-1bf : 9.0 1
Lo z
= 9.1t — |
Idler := 9-1bf = ‘l,,—> 2073 {
|
F yonm = 1582 Ibf 4290| i i
|
“— a3 —JIDL 8375 —»k— 9375—J
RH = T-cos(61.1-deg) RH=2.073-1 A
C—— 5 FH

RV = Tsin(61.1-deg) RV =3.756-10° -Ibf

o

,lZF:O: F

y=F

worm t T + Axle 15 + Axle | + Axle {5 + Housing + Idler

F,=72410°

y

Drm=0=M

*Ibf

oL = (T + dler)-(10.375-in) + ((RH)-(27.375 - 3.88)-in) + (Housing-5.945-in

+[ (Axle 118.37-in) + [ (Axle 15 + F oy} 16.04-1n] ] -
M, =1.166-10° “Ibfin
Analysis for Stress due to central couple on a simp! orted plate.

Roark - Table 24 Case 20

(Moment produced by eccentricity of winch is considered centrally located for this
portion of the analysis and will produce conservative results.)

Radius to plate edge

a:=22.5in
b:=9.375in Radial distance to winch baseplate edge
=0.417 Ratio for determination of proportionality constants.

L)

[[Axte g5+ (RV)] 1.95in]

-

N o

!
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Analysis for Stress due to central couple { continued...)

b= 1.73 Proportionality constant

a:=0.167 Proportionality constant

M:=M Moment at winch baseplate centerline
= 1.5-in Plate thickness

E =29 106~psi Modlus of Elasticity of Stainless Steel

bM .
Sy T sw=3.984'103 *pst
-2
at
Analysis for Stress due to uniform loading over a small
eccentric circular area of radius, r,, for a simply supported plate.

Roark - Table 24 Case 18

a=22.5"in Radius to plate edge T
. . G Q
n=03 Poisson's Ratio
p = 14in Distance ffrom plate center to center of eccentric circle
ry=3in Radius of eccentric circle

W= (453 + 635)-1bf Weight at eccentric circle

(Weight of hose assembly and Vertical Jumper Nozzle loading.

Stress Resulting from moment imposed by Winch

Ref. 10, Page 367

Ref. 32

C:=2pa Winch plate Circumference
( (1-n)r 2
W ) a-p) “Wle .
M= 4p 1+(1+n)l r }_ 2 M =201.913 @ Maximum Moment at the load.
° 4(a-p) in
6 M,
Sy > s, =538.435psi Stress resulting from Bending moment imposed at nozzle
t
S vE 25000 (psi) Yield strength of ASTM A240 Type 304L
B, =068 y Bai= 1A5-104 *psi Allowable stress due to Bending Ref. 7, Pg. 5-49
B
all
SF = (5 s n) SF=3317 Safetyfactor > 3 OK
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Check Tensile Stress on 3/4-10 - UNC - 2B _Fasteners

ny =2
n:= 10
D= —in
0.9743) 112 2
A= 0.7854~HD— ( - >'in A1 =0334-in
n
F, = 125000-psi
y:= 18.75-in
M
FT:=M F1=3.10910° -Iof
nyy
T, = 1 3
act " 3 T 4ot =9295°107 -psi
4 .
T, 033Fy T a1 =4125:10" «psi
T
oF =2l SF =4.438
act

Ref. 33.4, Pg. 1, Item 33
Number of Fasteners

Number of threads per inch

Major Diameter of Fasteners

Tensile Stress Area of Fasteners Ref. 7, Pg. 4-147

Ultimate Tensile Strength of A193 Class2
B8T Stainless Steel Fasteners

Distance between fasteners
to determine maximum prying stress.

Ref. 33.5, Pg.3

Tension on each fastener resulting from
combined moment on housing.

Calculated Tensile stress at each fastener

Allowable Tensile Strength of threaded fastener
Ref. 7, Pg. 4-3

Safety factor == 5 OK
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Winchplate Lifting Brackets

W b -= 4290-1bf Weight of Pump and Sheave Assembly
Winch := 1365-Ibf Weight of Winch Assembly
Hose := 494-1bf Weight of hose and pipe assembly at Nozzle
Winchplate := 700-1bf Weight of Winchplate
Shieldplate := 453-Ibt Weight of Shielding plate

3

W= W g, + Winch + Hose + Winchplate + Shieldplate W =7.302:10" -Ibf

Stress on Lifting Bracket Bars

Shear stress in Lifting Pins

Ref. 33.5.Pg3

Ref. 33.7, Pg. 2, Item 13

D= 2-in Bar Diameter
D’ 2
Ay p—4— A, =3.142-in Cross Sectional Area
=¥ = 3 abf  Force of sh bly felt by each shear pi
W shear = r W shear = 1.826°107 -lb orce of sheave assembly feit by each shear plane.
W shear
S acts = y S sotg = 581.075 -psi Calculated Shear Stress per axle.
a
Ibf .
S yE 100000-~— Yield Strength for ASTM 276
in2
S aq1g = 048 y Sans =4-104 *psi Allowable Shear Stress Ref. 11, Sec.1.8
S alis
g = SF g =68.838 Safety factor >3 OK
S acts

HNF-2474, Rev. 0
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Bending stress in Lifting Pin
L:=3.0-in Span of Lifting Pin Bracket Ref. 33.7,Pg. 2, ltem 2
WA L . " "
M:= EYAY) Maximum Moment potentially applied to axle
y:= Lin Distance from centroidal axis to inside fiber.
4
1= & . Axle Moment of Inertia
64
B et = & B et =6A973~103 Jof Calculated Maximum Bending Stress per axle. Ref. 8, Pg. 177
1 et 2 .
N in” (Table of Simple Stresses)
b
By = 0758 y Ba =7A5-104 1—2 Allowable Bending Stress Ref. 7, Pg 5-48, (F2-1)
in’
_ Ban
B g SF g =10.756 Safety factor >3 OK
Stress on Bracket Ref.1, Pg. 4, ltem 6
Shear
w:= 0.97-in Width of Shear plane.
th= (%)m th=0.5+in Plate thickness
A = 2-(w-th) A =0.97-in Area of bracket loaded by the axle.
< Ibf
S y= 25000-— Yield strength of ASTM A240 Type 304L
in2
T . = . 4 . 1 )
S = (045)Sy Saip =1123°107 'pst - pyvvable Stress Ref.7, Part5, Chap. D.3.1
S act = —Z—WK S act =3.764~103 Eg Calculated stress on brackets.
in
Sall
SF == —— SF =2.989 Safety factor == 3 OK
S act
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Weld Strength at Lifting Bracket Base

WELD PROPERTIES:

Y | . b= 0.5-in Weld Outline Dimension - short side Ref. 9,Pg. 7.4 6 &7
b d = &in Weld Outline Dimension - long side
7 7—"" 4
X/ v
Aw = 2:2-(b+d) Aw =34+in Weld length (2 Plates)
JOINT LOADS:
. W .
Tensile Fx:= y Fy = 0-1bf Fz = 0-Ibf
Moment Mx = O0-ineIbf My := 0-in-1bf Mz := 0-in-lbf
WELD STRESS:
/
kF—‘> fi =107.382 -l_ﬂf
Aw in
FILLET WELD SIZE REQUIRED:
S := 15800-psi Allowable Weld Stress per AWS & AISC Ref. 9, Pg. 7.4-8
fw . . . . .
W w=001-in Minimum Allowable Fillet Weld Required by Design
0.707-8
W Code = (i-in) Minimum Size Fillet Weld Required by Code  Ref. 7, Part 5, Section J.2.2,
16 for material thickness of 1/2". Table J2.4
1. Weld size specified in design drawings. Ref.33.6,Pg. 2
Wact = Z'm
W act R
SF g = SF gy =26.007 Safety factor based ona 1/4" weld >3 OK
w
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Series 1400

CN}:W Fump IN SUumP ) o

In-Line Bearing Frame True Line Pumps

3 Partial emissions
hydraulics for optimum
efficiency

~ Heads to 700 FT (213m) ac.
3550 RPM with a single stage
8 700 Ib. casing
» Back Pullout feature
= Mag Drive option
= High speed designs
available -

= Variable speed options
available

3
A

ries 1400 2° x 2* - 13" Veniical In-Line Pump

Optimized Low Flow, High Head Performance

True Line pumps from Lawrence
Pumps Inc. are designed to deliver
long term mechanical and hydraulic
reliability foryour low flow, high
head applications.

Designed to API-610 Standards
Mechanical seal life is extended
because the robust shaft design.
combined wich low radial loads
minimizes shaft deflection
Alignment berween the pump
and motor is guaranteed by a
precision machined fit

Liberal internal clearances and
reduced radial thrust virtually
eliminate the potential for any
internal metal to metal contact

Extreme temperature designs
available (-50°F/-45°C 10
700°F/370°C)

= Back Pullout feature allows ease of

mainzenance without disturbing
the moter or connecting piping
ber design accommo-
:le. Double and Tandem

¢ seal flush piping
ements available

close clearance wear
1¢ box bushing, and
clearances on both the
ack of the impeller are
0.035". Ultimazely, the

-2 design will withstand

{ process upsers, or loss
eal lubrication is

HNF-2474, Rev. 0
Page D-82

improved Process Pump

Performance. Reduced
Total Cost of Ownership.
High efficiency 2t low flows
Stable operations az all desxan
points

Minimuzs shaft deflection at
off-desiga flows
Reliable perfo
process upseats

@LAW&ENCE

PUNMPS INC.

6/5/%”



NEMA FRAMES 182HP - 443HP — (See drawings below.) - Dimensions in inches/millimeters
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8471535 594 460) 178 ] 375] 343164 aw9farofazsiease — | 114l Se5| — | Tia|sagrstaaasf sz 1770|1270 f1314] ~
137U" Vades | = 4P 102125 +.0000, ~.0005 53.975 +.000. -.013 (3)"EU” Varies +.000, -.005 +.00. =13
m ~-2.125 and larger +.000, —.001 . 53.975andlarger +.00, ~.03 () »AH" Varies +.630, —.030 +.76, -.76
SAK® Vari —180 HP,—250KP, +.0¢3, —.000 SAAT . 201 3mps. 5° (127 mm) @ 336 amps, 6°
(2 AK" Vares l—zsonpn,-uau?+.oc5,-,ooo ﬁ})zAﬂ;‘\m)Vadesmmlulllcadamps.l (120mm) & ps.5°( )
Sace runout and ~182HP —445HP, 0L Max. T.LR. . Maximurm permissidle shatt runout whea maasursd at end of shatt extension 13 062 inches
zatricity - 1 —447HP —449HP, 007 Max. T.LR. {051 mm) Max. T.L.R. (.003 inches, .076 mm on 447HP — 449HP),

. 11 mounting ciearance Is tequired, consult factory.

NORMAL THRUST, TEFC Above-NEMA, 350 — 400 HP
5010P Frame, 460 Volts  5010P Frame, 2300, 4000 Volts

[0 ERE 7 ® 5010P Frames
) .
20120 | 9019 " 460, 2300, 4000 Volts
| Faime | 350 | 3558 Fa | g3 [ 178 | 3571 | 3570|357
- Soved 773 1 Sua"ad €0 | 119 Hﬁ‘i 1784 | 1734 @m 3-Phase, 60 Hz
P .
Fame 4o10r | 50100
s | sonor | sawe| - 5310 | 5070P | 50107 | 50167 |5010P 29.75 N 1'0-?S'F" C°_"“"“°U5 Duty
U bows | 720 | 720 Frame | 0107 | 30167 | 50107 | Sonce|sance r“— n 40°C. Ambient .
st | 70 | 720 = o T T iE —— m Class B insulation
N ® Ball Bearing
B Solid Shaft
700 A
s A
]
8El BG :
T
Tds AH
N-keY
HNF-2474, Rev. 0
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e ¥Er Wi,
FRAME | (A | U@ | v a6 | oan | oa L wan | s | so | s | s | w | sf [TEE TuovA|ass/xsl
T | 2375 | 605 | 645 | 675 | 1875 1350 | 25 | MW | 175 | A | 443 | &7 | 65 | 4% | 620
3600 160.83 | v | %7 | wn | are | miy | B4 | 58 | 45 | a36 | m3 | 8 | vses | 102 | 20
SQT0P | 1800 | 3375 | 675 | 625 | 675 | 1375 | 13500 | 25 | 20.00 | 175 | 1794 | 433 | €&T | &75 | 50| 6200 .
Jer 1800 5.73 in 1387 n 374 343 6.4 508 43 455 13 18 2.3 127 2360
(1) This Dimension Varies +.005 =.000 Conduit Box can be rotated 360*in §0° steps. MAXIMUM FULL AW
(21 This Varies «.000, - 001, 1 mounting ciearance details are requirecs consult factory. LOAD AMPERES PIPETAP
(3) Customer to dnll heie in Concuit Box. Maximum permissible shalt runout wnen measured at end 1 4
4} Faco Runout and Eccentricity 007 (18 mmymax. T.LA. of ste. shaft extenmion is .0C3 (.08 mm) T.LR. 335 5
(1 ¥4NPT for space heaterleads, o) []
<On 50107 frame, customer to gnll hote in S

conguit Sox.
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COMNECTICNS:

1/4-18 NPT = ALTERNATE LUSRICANT INLET TO
HRUST BEARING (PLUGGED!

17418 NPT - QIL OUTLET FROM BZARING HOUSING

t/2-14 NPT ~ INMLET 70 SEAL THRU AP1 PLAN 11
FROM_PUMP DISCHARSE

1/72-300 LB, R.F. 5.W. FLANGE ~ CASING VENT

1/2-14 NPT - SEAL VENT

1/2-14 NFT - SEAL DRAIN

MITOR CONNECTION FCR POWER LEADS

3/4-300 LB, R.F. S.¥. FLANGE - SING DRAIN
(COVERED WITH BLIND FLAN

NEOENEOIEBEY

; ws 1 GHTS :

! 800 LE:
i Q@ uva 27200 mLE::

i L S5c0 333 LBS. APPROXINMATE
- : Dq1v=R DATA'
i © 259 H ESM, T.E.F.C., VERTICAL ELECTRIC
H M0|0R. R:LIA\"E FRAME NQ. 3267C
.
i NOZZLE LOADS: Fy
SUCTION 4 DISCHARGE
8 B0 s Vo v F:
3 N . -l - x
o = i Fz 160 88! W358 HRE: v
QJ . Fz" Mz
1 i NOT'ES:
B i § | EQR AZSENBLY SEE DRAING NO.C4BOI0.
<3 P 3 F5R PARTS L1sT SEE LIST OF COMPONENTS™.
" 3 ~— ¢ 51078 3. AL FLANGE CoNECTIONS "o cosoRi 50 A
o e g FORWIETING ' FACE NS T e
3 2 i
G\E s ~8 i
8 of m] jo
- R B H
3 o :
3 r1\ /E
ol Fi ¢
S = ./LEj 1
9 ¥ =\ 5
"
L. ’—‘}
R
1 fL /
<l !
"SUCTICN b 1o, 0a B8 1, g4 %0-CH i
3.00-300 LB i
RIF, FLANGE ©

5. @ 3
N din g

i ; 1,00 D14 -
L O T /__FOR 0.7 01
1 { .

IS M S—

N S . -
FTET L,

S
a
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>
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o
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@
Q
1
=

i
i

1/74=-18 N°T =~ OIL MIST INLET TO BZARING HOUSING

ECMES iR | TRUE-L INE SERIES

PR SIZE mute 130 2x2ed Vol | CUSTOVER POP_ASSRELY:
iﬁ ES: d4cn PLRCHASE CROER NO. 3 | PP PARTS LIST:
2 144A P [ POMP SERIAL_NO. T -
SR T | e PUMP ELEVATION
APEV.BY: CE?TIP!E!? BY:
TE: 21, NOV B3 i |DATE: LRAXING NO. ¢ C 450 1 l

HNF-2474, Rev. 0
Page N-R4A
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Lp¥ReNcE T TRUE-L INE SERIES

PP _S125 o 130 2va 1,0 QUSTAEAT Pu# ELEVATION:
SERIES: 1400 PURCHASE ORDER NO . @ PP PARTS LIST:

MCOEY ¢ T4—tA PP SERTAL NO.1 .

oapy: I] PAP ITEM MO 3 CROSS-SECTONAL

O® BY: RAM 11725706 PUMP ASSEMBLY

APPY . BY: CERTIFIED. BY:

OATE: 21, NOV £8 DATE: CRARING. m.xc 4‘50 ' O

HNF-2474, Rev. 0
Dage TI.KS
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2?;: FRAME HP TYPE i:$;5! RPM VOLTS
RS 250 P 3/80 1785 480
AMPS ouTY 7ﬁ§?¥. S.F. DgiTQN ngzia ENCL
FCX P10
273 CONT “40/F 1.18 B G =
els rotor o T Lo coETweei Lanes)
533598 418143-31-GE - -— .0124
PERFORMANCE
LoAd HP AMPERES e “power ";:Acron " .EFFK(:%IE);CY
NO LOAD o 75.6 1800 3.92 o
) 62.S 100 1786 61.6 84.8
2/4 125 180 1793 80.5 86.4
374 187 ZOé 1788 86.9 86.6
474 250 273 1784 83.0 86.4
514 312 341 1780 89.4 5.9
f’ SPEED TORQUE -
RPM % ;ﬁi?ﬂiAD Tii:?EFTL AMPERES
LOCKED Rofoa ¢] 158 1160 1820
PULL uP 700 143. 1052 1660
BREAKDOWN 1728 247 1816 1037
FULL LOAD 1784 " 100 738 273

AMPERES SHOWN For 4B80. YOLT connsction.

(F OTHER YOLTAGE CONNECTIONS ARE AVAILASLE,

AMPERES WILL VARY INVERSELY WITH THE RATED YOLTAGE

REMARKS:

XE MOTOR-TYPICAL DATA-NEMA NOM. EFF. 96.2 PCT.
GUARANTEED MIN. EFF 95.8 PCT.

RELIANCE
ELECTRICEO

CLEVELAND, OHIO 44117 U.S.A

oA, 8Y,
cxX. 8Y,
APP, BY.
CATE,

E R

DATA

[SSUE DATE

THE

A-C MOTOR Egogg54-A-A001
PERFORMANCE

06/05/84

C7/H 278470
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REL 3.0, RPN 1785 8.F. 1,15 noton 418143-31-GE
~ rane TSRS voLTs 480 NoMA pESIGN B TEST 8.0, ===
~twe 250 aPs 273 cocE LETTER G TEST OATE —=—
e P : oty CONT enclosuaz TEFC sTatcR Ris.e 25+«¢ 0124 '
PHASE/HERTZ 3/60 ' avsec/tnsut 40/F  ers 533588 OHMS (BETWEEN LINES)
M .. B 1 .. . ol . R TS R N B
Jormeied i '"“"—"—‘)_("‘“MQTOR‘:EYPECM:‘D
I:A ANTEES N g
L ‘ottio .
k<] 1<}
=T, <
~N N L
- Rt
& iy
o3 I <
LN LN
B RS
© R
L )g:.—
-
Ry g 2o .-
-2 >.8 .
=l I A e
= |-= Lo
=3 =3
) i
G| -wi--
Sgl¥s
- it
N3
Y T SPEEC [IN|RPML(F 5
AMPERES SMOWN FOR___ABU _  VOL | CONNECTION, IF GTHER
AMPERES WILL VARY INVERSELY ¥ITH THE RATED VOLTAGE. A C MOTOR
RELIANCE o S = 01
i P, 15A0 54-A-A0
ELECTRICAD S Sirte———| PERFORMANCE ECES /84
CLEVELAND. OMIQ 44117 U.S.ANoaTe___OU/Zi/eT CURVES __ tssue oate  08/05
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- CRUCIBLE/SPECIALTY METALS &3E MR 2540757 0002835 24y mm

G=33-O%

Armco Spplicgtioﬁs
‘ NITRONIC 60 o°’°"'d'.a' )
Stainless Steel utstanding galling

resistance at both ambient
and elevated temperatures
makes patented Armco
NITRONIC 60 Stainless Steet
a valuable material for valve
stemns, seals and trim;
fastening systems, including
nuts and bolts; screening,
chain-drive syslems; pins,

" bushings and roller bearings;
and pump components such
as wear rings and lobes.

e Best galling
resistance of all
stainless steels.

® Corrosion
resistance better
than Type 304.

® Pitting resistance
better than
Type 3i6.

Product Data Bulletin No. S-45

CRUCIBLE MATERIALS CORP/CRUCIBLE SPECIALTY METALS DIV HNF-2474, Rev. 0
Paoe TIRR



© CRUCIBLE/SPECIALTY METALS &3E

—, Oxidation Resistance

G-33-05

NITRONIC 60 offers far superior oxidation resistance compared to AlS! Types 304 and

316, and about the same oxidation resistance as AlSI Type 309.

Table 28

Static Oxidation Resistance”

Weight Loss, mg/cm?
Test Temperature, F (C) RA 333 Type 310 NITRONIC 80 Type 304
2100(1149) Before Descaling 3.1 4.6 165 1220
After Descaling 12.2 15.7 232 1284
22001204} Before Descaling 10.1 101 261 2260
After Descaling 16.7 206 354 2265

*240 hours attemperature, duplicate lesis

Table 29

Cyclic Oxidation Resistance

Weight Change. mg/in?, at number of cycles indicated

- 134 278 467 200 304 400
Cycle Alloy cycles cycles cycles cycles cycles  cycles

1600-1700 F{871-927C) RA 330 + 34 + 49 + 64 — —

25 munutes heat. Type 310 + 40 + 67 - 227 — — -

5 minutes cool - Type 308 + 30 - 416 - 1004 — —_ -

duplicate tests NITRONIC60 |+ 15 - 682 - 167.6 - - -

Type 316 -4730 9708 -12870 — — —

Weight Loss, mg/cm?

1900 F{1038C} Type 446 -— 1.47 1.72 197
L 30 minutes heat. Type 310 - — 2.70 16.95 1722
s 30 minutes cool Type 309 — — 2283 26 34 33:69
NITRONIC 60 — — 42 39 60 40 74.80
Type 316 — —_ 9304 13534 17827

Mechanical Properties

Table 30
Typlcal Room Temperature Tenslie Properties*
uTs 0.2%YS Elongstion Reduction
Condition Slze Hardne:
— AIENO%% sl (MPa)  ksi{MPa)  %In4XD. of Ares,%
Annealed —— 1"(254mm}d | 95 HRB 103 (710) 60 (414) 64 74
Annegled 134" (444 mm)é | 100 HRB 101 (696) 56 (386) 62 73
Annealed 2.1/4°(57.2mm) ¢ | 100 HRB 101 (696) 60 (414) &0 76
Annealed 3 (762mmié | 97 HRB 113 (779) 65 (448) 55 67
Annealed 418" (1048 mm)é | 95 HRB 106 (731) 56 (386) 57 67
10% Cold Drawn 442" {11.2mm) é 24 HRC 120 (827) 91 (627) 51 €8
20% Cold Drawn Stan Size 31 HRC 140 (965) 112 (772) 35 65
30% Cold Drawn 34 HRC 161(1110) 132 (910) 26 82
40% Cold Drawn 37.5HRC  185(1344) 153 (1055) 20 57
50% Cold Drawn 41 HRC  217(1496) 174 (1200) 15 53
60% Cold Orawn 43 HRC 240(1655) 195(1344) 12 48
70% Cold Drawn 46 HRC  263(1818) 217 (1496) 10 40
*Data based on cuplicate tests.
(1)CGbar
l1){NF-2474, Rev. 0
=) age D-89
0914 8-13

B ————————————————————————
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" CRUCIBLE/SPECIALTY METALS b3E M 2540757 00D0ORA8S58 241 mm
6-33-05
Table 31
Typical Room Temperature Torsion and Shear Properties*
" Torslonal 0.2%Torsional YS  Modulusof  Double Shear
Hardness Modulus, G kst (MPa) Rupture Strength ‘
Condition  Slze HRB ksl (MPa) ¥ ¢ ks! (MP3) ks| (MPa)
Annealed 1"e 95 883x10°  48.9(337) 50.7(350)  124(855) -
(25.4mm (61x10%
Annealed 38" 6 95 - - - - 86 {593)
(9.6 mm) :
*Data based on duglicate tests
Table 32
Double Shear Strength*
(Cold Drawn — 0.442" [11.23 mm] start size)
% Cold Drawn Shear Strength, ksi (MPa}
10 89 (614)
20 98 (676!
30 106 (731}
- 40 113 (779
50 122 (841}
60 130 (896}
‘Triphcale lesls
Table 33
Fatigue Strength
(R.R. Moore Machine)
Fatigue Limit, ‘
Condition Size Hardness ks! (MPa) 10* Cycles
Annealed 17(25.4 mm) & 95 HRB 37.5(258) O
Cold Worked 54.6% 0.70"(17.8 mm) ¢ 44 HRC 72.5(500)
Table 34
Room Temperzture Compression Strength
Condition Size | 0.2% Compressive YS. ksi (MPa)
Annegaled 0.600" 4112 7 mm) 67 6 (466)
Cold Drawn 39% 0.440" (11 2 mm} 1210 (834)
Table 35
Properties Acceptable for Material Specification
(Bar and Wire)
UTs 0.2%YS Etongation Reduction Hardness
Condition Size k&1 (MPa) ksl (MPa) % in 4XD of Area, % HRB
Anneated 1/2" ¢ + under 105 min 55 min 35min 55 min 85min
{12.7 mm} {724) (379}
Annealed Over1/2°¢ 85 min 50 min 35min 55 min 85 min
(12.7 mm) (655) (345)
HNF-2474, Rev. 0
24 0916 c-01 Page D-90
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CRUCIBLE/SPECIALTY METALS b3E

Table 36
Typical Elevated Temperature Mechanical Properties*

M 2540757 0002859 1838 BE&

{Annealed 3/4” and 1" {19.05 and 25.4 mm] Diameter Bar Stock)

Reduction
Test Temperature UTs 0.2% ¥S Elongation of Area Hardness
F(C) ksi (MPa) ksl (MPa) % in 4XD % Brinell
Room Temperature 106.5 (734) 56.5 {388} 61.7 718 200

200 {93} 882 (677} 44.4 (306} 63.3 724 187

300 {149) 89.9 (620} 37 81260) 84.4 737 -

400 {204) 84.4 . (580) 32.81227) 64.0 73.7 168

500 (260} 82.1 (566) 32.1{2224 61.5 730 —

600 (316} 805 (5585} 28.7 {205} 59.6 731 155

700 (371} 79.5 (548) 28.2{201M) 9.1 726 —

800 (427} 78.3 ({540} 29.01(200) 565 721 148

900 (482) 77.1 (532) 28.3{195) 539 716 —

1000 (538) 754 {520} 28.0(193) 52.2 70.4 145
1100 (583} 716 {494) 28.7{198) 487 700 -
1200 (649} 666 1(459) 28.1 (194} 482 69.6 t44
1300 (704) 590 (407) 27.5(189) 414 50.0 -
1400 (760) 49 8°°(344) 253(174) a7t 539 143
1500 (816) 37 97-(285) 238(164) 728 750
1600 (871) 302°°(208) 164(113) 728 . 110
“Triplicate tests of 2 heats and single lests of ‘1 heat
**Sngle lests of 1 heat
Table 37
Elevaied Temperature Tensile Properiies
{Cold Swaged 54% to 0.700" [17.8 mm] d)
uTs 0.2% YS Elongation Reduction
Test Temp, F {C) . :
ksi (MPa) ksi {MPa) % in 4XD of Ares, %
RT 230 (1586) 216 {1489) 12 55
20018 215 11482} 206 {(1412; 12 54
300 1149 206 (1420} 189 (1372) iR 52
400 (2044 200 (1379) 194 {1338) 1 51
500 (2601 195 (1344) 181 (1317} mn 48
600 (3161 193 (1331} 188 {1286} 1 47
700 (371 181 (1317) 176 {1213) 10 47
800 (427) 180 (1310) 184 (1269) L] 46
900 (482) 187 {1289} 177 {1220) 11 44
1000 (538) 179 {1234} 166 {1145} 11 47
1100 (8931 . 162 (1117) 144 {893} 13 52
1200 (649 112 (7272} 72 1496} n 25
Table 38
Elevated Temperature Stress Rupture Strength
(Annealed Bars 5/8” to 1" [16.0 to 25.4 mm] Diameter)
Temperature Number Stress Rupture Strength, ksi (MPa)

F(C) of Heats 100 br. life 1000 hr. life 10,000 hr. life
1000 {538) 3 72 1496) 52 1359) 3% (2471)
1100 {593) 3 48 (338) 31 1214) 20 {138)
1200 {649) 4 28 (200) 17 1117) 100 (89)
1350(732} 1 14 {87) 8 15%) —
1500 (816} 1 6.7 (46} 4 (28} -
*Extrapolated

c-02

G-33-05

HNF-2474, Rev. 0
Page D-91
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'CRUCIBLE/SPECIALTY HETALS b3E WM 2540757 0002660 977

. Table 39 G-33-05
. Cryogenic Tensile Properties*
. s Temperature, uTs 0.2% YS  Elongation Reduction
Condition e F(C) ksi (MPa)  ksi (MPa) %in4XD of Area. % ‘

Annealed 378" (9.5 mm) &| -100 { -73) {155 (1068) 76 [(524) 57 69
378" (8.5 mm) &} 200 (-129) [170 (1172} 87 (600} 56 71
17125.4 mm) | -320 (-196} | 213 (1469) 109 (752} 80 67
Cold Swaged | 700" (17.8 mm} & | -320 (-198} | 322 {2220) 272 (1875} 10 53
54% 7007 (17.8 mmi ¢ 1 -200 {-129) 1287 {1979) 250 {1724) 13 62

*Duplicate tests

Table 40
Low Temperature Mechanical Properties of
NITRONIC 60 Stainless Steel Longitudinal Tensile Speciiens*

Elongation Charpy
Tost 0.2% %in1"” Reduction Fracture N/U®*  V-Notch
Temperature uTs OHset ¥YS (26.4 mm) of Area Strangth Modulus Tensile Impact
F {C) ksi (MPa}  ksi{MPa} or4xXD % ksi {(MPa) psi (MPa} Ratio  f-Ibs (J)
75 {24)]109.3 (754} 58.1(400) 66.4 790  336.112317) 24.0x10%{165.000) 1.44 231(310)
O (-18)[128.1 (B83} 67.3(464) 71.3 797 433.4(2988) 23.7x10%(163.000) 137 216(292)
-100 (-73)} [ 148.4 (1023} 77.8(537) 705 809  447.1(3083) 242x10°(167.000) 145 187(267)
-2001-129) |187.641185% £7.41573) 874 794 SETOA3I31) 24 2}A0F{187.CCC) 146 1701231
-3201-196) 1217.9{1502) 101.4{698) 5s.u $5.8 594.0(4095) 24.8x10¢{171.000) 1.26 1381188}
-423(-253) |203.8(1405) 125.3(864) 235 26.6 2776{1914) 24 8x108({171,000} 1.33 —_——

*0.250" (6.35 mm) diameter, machined from a 17 {25.4 mm) diameler annealed and straightened bar. Four specimen average.
TtAverage Stress Concantraticn Factor Ky = 7.0
Data taken with permission from NASA TM X-73359, Jan. 1977.

Table 41 ’
impact Properties™™
Crz oy V-Noteh
Condition Size Test Temperaiure, F {C) Impact. ft-lbs {J}

Annealed 1" ¢(25.4 mm) Room Temperature 240" {325)

-100 (-73) 229 (310)

-320 (-196) 144 (185)

Annealed 2-1/4" ¢ (54.2 mm) Room Temperature 240° (325)

<100 {-73) 240° (325}

-320 (-196) 160 (217}

" cold Swaged 18% 932" ¢(23.7 mm) -320 (-196) 67 (81
Hardness R 29

Cold Swaged 40%  .7957 4(20.2 mm) -320 (-196} 40  {54)
Hardness Rc 37

Cold Swaged 54% 7007 ¢ (17.8 mm) -320 (-196) 28 (35)
Hardness Rg42

Cold Swaged 18%  .932" ¢ (23.7 mm]) -200 (-129) 90 (122)
Hardness RC 29

Cold Swaged 40%  .795" ¢{20.2 mm] <200 {-129} 44 (60)
Hardness R~ 37

Cold Swaged 54% 700" ¢ (17.8mm) <200 (-129} 30 {41)
Hardness R 42

*Did not fracture completely
**Data based on duplicate tests

HNF-2474, Rev. 0
26 0918 c~03 Page D-92
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’ ..__ SPURGEARS A25

4 AND 3 DIAMETRAL PITCH 1412° PRESSURE ANGLE
'“\\} STEEL ano CAST IRON (Will not operate with 20° spurs)

ALL DIMENSIONS IN INCHES
ORDER BY CATALOG NUMBER OR ITEM CODE

Style Without Keyway

Hub See of Setscrew
. Page | Catalog | ltem
Bore Dia. Proj. | AS3 || Number | Code

PR

STEEL
2-17/64 NL11B | 09860
217/64 NL12B | 09862
2.49/64 NL14B | 09864
3-1/64 NLiSB | 09866
U8 | gy7es | 7L A [inLiee | 00868
3-49/64 NL18B | 09870
417/64 NL20B | 09872
4-49/64 NL228 | 09874
HUB
FACE~ |~ PROU. CAST |

KEYWAY

PITCH HUB
BORE pia
T A

CT e

STANDARD TOLERANCES
| DIMENSION | TOLERANCE |
BORE All } 0005 '
) L £ L | : | o i NO1IBT ’ﬁ‘«),bx
= PR NO128Bt | 09878
NO14B | 09880
NO15B | 09882
L AL B = | A J|nows |osses
NO188 | 09886
REFERENCE PAGES NO20 09888
Alterations —A92 NO218 | 09890
Horsepower Ratings —AS, A10 CAST IRON
Lubrication—A92 4112 14 NO248 | 10524
Materials —A93 1716 | 544 ° 28323 b
Selection Procedure —A2 1-3/4 < NO#2 10530 .
NOasB | 10532
i 19/16 | 5-1/4 1-/4 © | NOs4 10534 %25
NO60B | 10536
51/2 o |[NO728™ | 10538
11116 gy 194 NO84B | 10540
NOZEB | 10542
1-15/16 | 5-3/4 1-3/4 NOTOsB | 10544

= Special Pitch Diameter, used for calculating Center Distance only, not Ratio.
+NO118 and NO128 have 4" Face. ’

HNF-2474, Rev. 0

page D-93 B o STD o

INCOM INTERNATIONAL INC.




A0 | SPUR GEARS

APPROXIMATE HORSEPOWER anp TORQUE™ RATINGS
~, FORCLASSI SERVICE (Service Factor = 1.0)

4 piameTrAL PrrcH CAST IRON 14 /2° PRESSURE ANGLE 2" Face REFERENCE PAGE A25,
25 RPM SORPM | 100RPM | 200RPM | 300RPM | 600RPM | S00RPM | 1200 RPM | 1800 RPM | 3600 RPM
H.P. | Torque [H.P. | Torque] H.P. |Torque| H.P. [lorque| H.P. [Torque H.P. {Torque| H.P. |Torque| H.P. | Torue H.P. | Torque { H.P. | Torque
2.00 | 5042 |3.77 | 4750 | 6.75 | 42571 11.19] 3525 | 14.32] 3008 | 19.881 2089 §22.84| 1600
223 | 6129 |454 | 5723 [8.02 | 5053 | 12.93| 4004 | 16.38| 3441 [22.16| 2328
262 ] 6599 [4.87 | 6135 |8.53 | 5378 | 13.69| 4314 | 17.14] 3601 | 22.92| 2408
286 | 7219 {530 | 6675 |9.22 { 5811 14.65] 4616 | 18.22} 3520 | 24.11) 2534
325 | 8187 [5.96 | 7514 |10.24] 6454 15.98 5034 | 19.64] 4126 | 25.49] 2677

3.64 | 9177 |6.63 | 8354 | 11.24| 7085 | 17.24| 5433 | 20.97) 4406 | 26.77 2812
3801 9588 |6.90 | 8694 | 11.63] 7328 | 17.69| 5575 | 21.42| 4499 | 27.12 2849
$ 4.04 | 10161 |7.25 | 9195 |12.22] 7703 | 18.46| 5616 | 22.24| 4672 | 27.97] 2938
4.35 | 10309 |7.62 | 9858 |12.95| 8163 | 19.28{ 6074 | 23.02| 4837 | 26.58} 3002
4.97 ) 12530 |8.81 |11104 | 14.35] 9045 20.94] 6588 | 24.72] 5193

513 | 12933 |9.06 | 11419 | 14.68] 9253 | 21.29| 6708 | 25.04| 5261
5.44 | 13727 |9.55 [12034 | 15.32| 9652 21.94 6915 | 25.65] 5388
5.86 | 14763 | 10.20{12852 | 16.20|10209 | 22.95| 7233 { 26.65; 5601
6.47 | 16305 |11.11]14005 | 17.33| 10923 | 24.07] 7585 ] 27.65{ 5810
7.18 | 18101 }12.18{15350 | 18.68]{11772 | 25.48] 8528
7.47 | 18838 | 12.60| 15877 | 19.17]12079 { 25.83| 8170
7.76 { 19561 | 13.001 16387 | 18.63|12372 | 26.35; 8304
8.32 | 20970 | 13.78]17365 |20.50]| 12822 | 27.13] 8548

K

53
in

3 piameTraL Pites STEEL 1412° PRESSURE 2. 3" FacE REFERENCE PAGE A25,
25 RPM 50 RPM 100RPM | 200RPM | 300 RPM | 600RPM | 900 RPM | 1200 RPM | 1800 RPM | 3600 RPM
HP. | Torue [H.P | Torque [HP. | Torue [HP. | Torquel HP. | Torque| H.P, Torque [H.P. | Torque| HP. |Torque |H.P. | Torque | H.P. | Torque
294 | 7421 |5.67 | 7146 |10.56 6652 |18.55| 5846 | 24.82] 5213 |37.47{ 3936 |45.15| 3162 |50.30} 2642
3.20 | 8067 16.14 | 7743 [11.37) 7167 |19.80} 6239 | 26.30] 5524 |39.14] 4111 146.74] 3273 |51.78) 2719
415 | 10462 {7.92 | 9979 [14.48] 9134 [24.79} 7812 | 32.48| 6824 |47.09| 4947 [55.40]3880
281 | 15618 18.76 {11045 [15.96]10056 |27.06| 8528 |35.24| 7403 |50.49| 5304 [59.01f 4132
5.00 | 12825 {9.64 {12156 |17.47|11008 [20.38| 9259 | 38.03] 7989 | 53.89] 5661 |62.60] 4383
5.03 | 15214 |11.37] 14333 [20.38] 12845 |33 23260 ¢o78 [60.00] 6303 |58.93] 4827

6.97 | 17570 |13.05| 16454 |23.16{ 14599 {37.80] 11913 | 47.89| 10062 [65.33] 6863
6y 7.46 18795 [13.92{ 17548 |24.59]15495 |39.64| 12556 | 50.24| 10554 §67.96| 7139

3 piameTrALRTcH CAST IRON 1472° PRESSURE ANGLE 3"Face - REFERENCE PAGE A25.
3 S0RPM | 100RPM | 200RPM | 300RPM | 600RPM | 900 RPM | 1200 RPM | 1800 RPM | 3500 RPM
H.P. | Torque {H.P. | Torque |H.P. | Torque| H.P. | Torque| H.P. [Torque |H.P. | Torquej H.P. Torque | H.P. | Torque{ H.P. | Torque
967 | 12195 |16.84] 10617 |26.76] 8433 [33.30] 6985 |44.05} 4627
12.40{ 15626 |21.03|13251 |32.25] 10162 | 39.23| 8241 §50.07) 5259
15.07| 18998 {24.96| 15732 |37.15} 11707 [ £4.371 9322 ]55.08| 5786
173221828 |28.06]17687 |40.69| 12822 [47.87| 10056
1950124586 {30.99|19530 [43.91|13838 {51.00] 10715

21.83[27523 {34.06}21466 147.30! 14906 | 54.35} 11417
23.52| 29651 |36.08122740 [49.22{15508
27.08) 34136 |40.30]25402 }53.32| 16803
30.40( 38322 [44.08|27782 156.87| 17923
32.96| 41545 {46.71| 29437 |59.02| 18587
35.87[45212 |49.81}31395 |61.84] 19486

Ratings are based on strength calculalion.ﬁaﬁc&aﬁc&u&&qm@m. or for hand operation of above gears is approximately 3 times the 100
RPM rating. !

NOTE: Ratings to right of heavy line are not recommended, as pitch line velocity exceeds 1000 feet per minute.
They should be used for interpolation purposes only.

*Torque Rating {Lb. Ins.). HNF-2474, Rev. 0
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: WORMS ~» WORM GEARS A77
3 DIAMETRAL PITCH PRESSURE ANGLE- 1472 °

CAST IRON wonm GeaRs
STEEL worms — UNHARDENED ano HARDENED

RATIO = Gear Teeth + Worm Threads
All Worm and Worm Gears stocked RIGHT HAND ONLY

ALL DIMENSIONS IN INCHES
ORDER BY CATALOG NUMBER OR ITEM CODE
P o EACE 2 : S
WORM Sy o
: GEARS: : LUSH END 3510007520
Style SINGLE Thread || DOUBLE Thread || FOUR Thread
Pa&e Catalog | tem || Catalog | Mtem || Catalog | ltem

HUB PITCH
DIA. DiA.

. | Proj. | A Number | Code || Number | Code || Number |Code
112 G1110 [13248(] - - - |-
) g [ G111 j13asolt - - | -
a2 [132s2)l - - |-
e, 112 G1113 |13254]) - - g A
} STANDARD TOLERANCES "1 ¢ fTeinafrsessll - - - -
- DIMENSION [ ToterANceE | 5% g D | G1115 {13258) — - - |-
{ Bore | A | + 0005 ] i
WORM LEAD and LEAD ANGLE
LEAD : 10472"
LEAD ANGLE 4%46° SINGLE Thread
— Catlog | ftem || Catalog | ftem [l Catalog | ltem
Number*} Code || Number [‘Code || Number | Code

UNHARDENED
G1116K | 12880 - - - -
T T |[ii1e jt2910 - - - -
HARDENED
H1116 [ 12978
- - HL1116 | 13016
f * All Worms furnished with 3/8” keyway.
Hardened Worms have ground and polished threads.

I
|
!
|
53
9

REFERENCE PAGES

Alterations —=Ag92

Horsepower Ratings —A86, A67
Lubrication —A92

Materials —A93

Selection Procedure —AB5
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"WORMS v WORM GEARS

~STEEL-HARDENED, GROUND sno POLISHED WORMS
BRONZE WORM GEARS

 APPROXIMATE HORSEPOWER AND TORQUE * RATINGS
For CLASS | SERVICE (Service Factor = 1.0)

= Worm RPM Worm Gear

- Center .Cat. Cat,

. Distance No. No. DP

. 1.000 H1607 QB1212 12
N H1627 0B812 8

H1607 | QB1216 | 12
H1618 QB1016 10

=3 H1627 QB816 8

: H1638 QB618 6
H1607 DB1600 12
H1618 081610 10
H1627 DB1620 8
H1638 QB620 6
H1638 0B1630 6
H1607 DB1601 12,
H1618 | DBi611 10
H1627 DB1621 8
H1638 DB1631 6
H1407 081400 12
H1418 | DB1410 | 10
H1427 | DS1420 8
H1607 D81502 12
H1438 DB620 6
H1618 DB1612 10
H1627 DB1622 8
H1638 DB1632 8

s H1438 DB1430 6

S 107 | DB1603 [ 12
H1618 DB1613 10 .
H1627 DB1623 8
H1407 DB1401 12
H1418 | DB1411 10
H1427 DBi421 8
H1607 QB1260 12
H1438 DB1431 8
H1116 | G1110t 3
11056 GB1050 12
H1066 GB1060 10
H1076 GB1070 8
H1407 | DB1402 | 12
H1086 GB1077 [}
H1418 | DB1412 | 10
H1427 081422 8
H1607 DB1604 12
H1108 G81100 4
H1438 | DB1432 § 6 |
H1086 GB1080 [}
H1116 | G111t 3
H1106 GB110% 4 -
H1407 DB1403 12
H1418 DB1413 10
H1427 DB1423 8
H1607 DB1605 12
H1438 | DB1433 6
H1056 GB1051 12
H1066 081061 10
H1076 GB1071 8
H1407 DB1260 12
H1086 | GB1081 6 |.
HK1418 | DB1414 | 10
H1427 DB860 8
H1116 | G112t 3
H1106 | GB1102 4
H1086 GB1082 ]
H1116 | G11131 3

*Torque in Lb. ins.
+Cast Iron Gear Rating with Hardened Worm shown.

Al Worm and Worm Gear Ratings are based on a Hardened Steel Worm used with a Bronze Worm Gear.
1. For a Hardened Steel Worm used with a Cast Iron Gear, multiply the listed Rating by .50.
2. For an Unhardened Steel Worm used with a Cast Iron Gear, muttiply the fisted Rating by .25.

BOSTO :
INCOM INTERNATIONAL INC.

N

HNF-2474, Rev. 0
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WORMS » WORM GEARS A67

STEEL-HARDENED, GROUND ano POLISHED WORMS : i
- BRONZE WORM GEARS

APPROXIMATE HORSEPOWER anpo TORQUE * RATINGS
For CLASS | SERVICE (Service Factor = 1.0)

Worm RPM = 1800 600 100 Worm Gear |
234 Center | Input [Output tnput { Output | Input Output [ Cat. Cat.
Distance | HP | Torque | HP Torque | HP Torque No. No. oP
490 26 672 .06 782 t H1056 | GB1052 | 12
742 .43 1134 N 1361 H1066 | GB1062 | 10
1190 71 1974 18 2420 | H1076 | GB1072 8
1680 .74 2385 .16 2748 | H1047 | DB1404 | 12
2310 1.39 4034 .38 5345 | H1086 | GB1078 6
2562 1.22 3981 .28 4790 i H1418 | DB1080 | 10
4130 2.05 6807 .48 8319 | H1427 | DB1424 8
1614 79 2622 .20 3267 | H1076 | GB1073 8
3110 1.56 5445 .43 7260 { H1086 | GB1083 8
5320 1.68 6608 72 17088 | H1116 | G1114f 3
700 .30 998 .07 1134 1 H1056 | GB1053 | 12
1068 .51 1733 12 1954 1 H1065 | GB1063 | 10
1716 .82 2836 .21 3498 | H1076 | GB850 8
3327 1.60 5777 .44 7563 { H1086 | GB1079 6
5985 1.79 7434 77 19224 | Hi116 G1115¢ 3
924 .33 1323 .08 1664 | K1056 | GB1260 | 12
1408 54 2142 13 2571 | H1066 | GB1064 | 10
2269 .89 3718 .23 4538 | H1076 | GB860 8
4370 1.75 7625 49 10210 | H1086 | GB1087 6
5521 1.84 9605 .51 12705 | H1086 | GB1084 6
1288 .35 1849 .08 2118 | H1056 | GB1054 | 12
1961 57 3042 .14 3630 | H1066 | GB1067 | 10
3165 .94 5210 .24 8555 | H1076 | GB1074 8
1505 .33 22086 .08 2458 | H1056 | GB1055 | 12
2310 .54 35Z1 .13 4223 | H1066 | GB1065 | 10 HNF-2474, Rev. 0
g 3711 .88 6082 .22 7563 | H1076 | GB8160 8 Page D-98
*Torque in Lb. Ins.
Sy tCast lron Gear Rating with Hardened Worm shown. .
S Al Worm and Worm Gear Ratings are based on a Hardened Steel Worm used with a Bronze Worm Gear.
1. For a Hardened Steel Worm used with a Cast Iron Gear, muitiply the fisted Rating by 50. .
2, For an Unhardened Steel Worm used with a Cast fron Gear, multiply the fisted Rating by .25. .
CENTER DISTANCES AND RATIOS AVAILABLE WITH STOCK WORM GEARING
Worm Thread Worm Thread Worm Thread
No. No.of .of
: N ISingte [Doubie | Gaad Teoth [SingleDoublelouad N o [Sglelbouble[ouzd
Y Pitch ;in Gear Ratio in Gear| Ratio Pitchlin Gear Ratio
.20 1 20 ] 10 | 5 100 | 100 | 50 |25 6] 4071 40 20 [10 {
30 30 15 75 50 50 25 12.5 8 60 60 30 {15
20 20 10 5 80 80 40 |20 4 24 24 - —
40 40 20 10 20 20 10 5 10 80 80 40 120
20 20 10 30 30 15 7.5 12 100 100 - -
50 50 25 125 40 40 20 10 [} 48 48 - el 5
30 30 15 75 60 80 30 15 3 18 18 - - =
80 60 30 15 96 96 48 |24 6 50 50 25 1125
40 40 20 10 100 100 50 |25 4 32 32 - -
30 30 15 7.5 50 50 25 12.5 10 100 100 50 |25
20 20 10 5 40 40 20 10 8 80 80 40 |20
80 80 40 (20 30 30 15 75 8 60 60 30 |15
50 50 25 12,5 20 20 10 5 3 24 24 - -
40 40 20 10 80 80 40 |20 4 ‘40 40 - - H
60 60 30 15 &0 60 30 15 8 96 96 - - i
100 100 50 |25 24 24 12 8 100 100 50 |25 i
30 30 15 7.5 50 50 50 2.5 ] 72 72 36 118 H
50 50 25 125 40 40 20 10 3 30 30 - - 1
20 20 10 5 100 100 80 |25 4 43 48 - -
80 80 40 3120 30 30 15 7.5 8 80 -8Q 40 {20
60 | 60 | 30 |15 60 | 60| 30 {15 31 361G - |-
40 40 20 10 48 48 — - 6 96 96 - -
20 20 10 5 80 80 40 |20 [} 100 100 50 |25
N 96 96 48 |24 50 50 25 125 4 64 [ 64 - -
72 72 38 18 36 36 - - 3 48 48 - -
30 30 15 75 20 20 - — % 54 54 - =
A Example: Given a center distance of 2,625, Table lists Worm and Worm Gear Ratios avaitable:
-~/ 10 Pitch, 40 tooth, single =4010 1 8 pitch, 30 tooth, single = 301to 1
10 Pitch, 40 tooth, double = 20t0 1 8 pitch, 30 tooth, double = 1510 1
- ) 10 Pitch, 40 tooth, quad = 10to 1 8 pitch, 30 tooth, quad = 7510 1

— BOSTON.,..

INCOM INTERNATIONAL INC.




ENGINEERING INFORMATION

A83

SPUR GEARS
LEWIS FORMULA (Barth Revision)

Gear failure can occur due to tooth breakage (tooth stress) or
surface failure (surface durability) as a result of fatigue and wear.

. Strength is determined in terms of tooth-beam stresses for static

and dynamic conditions, following well established formula and
procedures. Satisfactory results may be obtained by the use of
Barth's Revision to the Lewis Formula, which considers beam
strength but not wear. The formula is satisfactory for commercial
gears at Pitch Circle velocities of up to 1500 FPM. itis this formula
that is the basis for all Boston Spur Gear ratings.

METALLIC SPUR GEARS
SFY( 600 )

4 W= P 1600+ V

W = jooth Load, Lbs. (along the Pitch Line)

S = Safe Material Stress (static) Lbs. per Sq. In. (Table 1)
F = Face Width, In.

Y = Tooth Form Factor (Table I)

P = Diametral Pitch

D = Pitch Diametér

-V = Pitch Line Velocity, Ft. per Min. = .262 x PD x RPM

For NON-METALLIC GEARS, the modified Lewis Formula shown
below may be used with (S) values of 6000 PSi for Phenolic
Laminated material.

TABLE Il —VALUES OF SAFE STATIC STRESS (s)

; (3)
Material Lb. per Sq. in.
Bronze ..... ... ... i 10000
Castlhon. .....ooevivninnnnnn. .. 12006
.20 Carbon (Untreated) ... . .. N 20000
.20 Carbon (Case-hardened) ...... 25000
Steel .40 Carbon (Untreated) . ... .. .. 25000
.40 Carbon (Heat-treated) . S 30000
40 C. Alloy (Heat-treated) . ........ 40000

Max. allowable torgue (T) that should be imposed on a gear wilt be
the safe tooth load (W) multiplied byg orT = W__xD_

The safe horsepower capacity of the gear (at a given RPM) canbe

. T x M
calculated from HP = ————— or directly from and (V);
. 53035 y from (W} and (V)
WV
HP = 33006
ForaknownHP, T = 63025 x HP
RPM

SFY (150
W= (200 Vi '25)
TABLE! Y FACTORS
1475 Ful 70 Fol

Number of Teeth Depth Involute Depth Involute
10 0.176 0.201
11 0.192 0.226
12 0.210 0.245
13 0.223 0.264
14 0.238 c.278
15 0.245 0.289
T 0255 0’295
17 0.264 0.302
18 0.270 £.308

— 19 0.277 0.314 -

20 0.283 0.320
22 0.292 0.330
24 0302 0337
26 0.308 -0.344
28 0.314 0.352

30 0.318 0.358 -~
32 0.322 0.364
3 03325 0370
36 0.329 0.377
36 0332 0383
40 0.336 0.389
N 45 0.340 0.399
50 0.346 0.408
55 0352 0415
€0 0.355 0.421
65 0.358 0.425
70 0.360 0.429
7 0361 0433
80 0.363 0.436
90 0.366 0.442
100 0.368 0.446

150 0.375 0.458 HNF-2474, Rev. 0
200 0.378 0.463
300 © 0382 0.471 Page D-99

Rack 0.390 0.484

BOSTO

INCOM INTERNATIONAL INC.



-~ BACKLASH SPUR GEAR FORMULAS
Stock spur gears are cut to operate at standard center distances.  FOR FULL DEPTH INVOLUTE TEETH
The standard center distance belngs'ehnes;y. cearPD T ObGm Faving -
. inon PD + Gear
- —_— 141
Standard Center Distance 2 Gireular Pitch (p) P 3 . 6
. When mounted atthis center distance, stock spur gears will have
h ' . N N, N
the following average backiash: Diametral Pitch (P) gi‘:;b&'a?;::r‘?é) V& e
Dk 1 Backlash Dk Backlash Number of Teeth (N} & _ N+ 2(approx-
Pitch (Inches) Pitch (inches) Qutside Diameter (D) -~ D, imate)
3 013 88 .005 141
4 010 10-13 004 Circular Pitch {p) Diametral Pitch (P) p= 3—}:6
5 .008 14-32 .003 — . e
6 .007 33-64 .0025 Number of Teeth (N) & D= l
7 006 _ Diametral Pitch (P) =P
Pitch Diameter (D)
Anincrease or decrease in center distance will cause an increase Outside Diameter (D)& |y . n _ 2
or decrease in backlash. . Diametral Pitch (P) °~p
Since, in practice, some deviation from the theoretical standard | Base Pitch Diameter And D. = Dcoss
center distance is inevitable and will alter the backlash, such de- | Diameter (B,) Pressure Angle i
viation should be as small as possible. For most applications, it Diametral Pitch (F) &
would be acceptable to limit the deviationto an increase overthe | Numerof Teeth (N) | pyich, piameter (D) N=PxD
nominal center distance of one half the average backlash. Vary- :
N . . Tootl . " 15708
ing the center distance may afford a practical means of varying the oo ih Thickness ) | piametral Pitch ) t=—s—
o @Pitch Diameter (D) P
backlash to a limited exient. ;
The approximate relationship between center distance and back- | Addendum (a) Diametral Pitch (P) a=—
> tash change of 14%2° and 20° pressure angle gears is shown P
*rbelow: Qutside Pitch Diameter {D) & D.=D4+2a
: : Diameter (D, A o =
For 14¥:°~Change in Center Distance = 1.933 x Change in Backlash iameter (0 ddendum (2)
) For 20° A—S:r.)ange in Center Distance = 1.374 x Change in Backlash (Vggg]: E;&:g (h) Diametral Pitch (P) h = 22 + 002
) From this, it is apparent that a given change in center distance, . P
-/ 142° gears will have a smalier change in backlash than 20° gears. | Whole Depth (h) Diametral Pitch (P h 2157
This fact should be considered in cases where backlashis critical. | (Coarser than 20P) ' g tTop .
Working Depth (h,) Addendum hy = 2(a)
UNDERCUT - Whole Depth (h) -
When the number of teeth in a gear is small, the tip of the mating | Clearance () Addendum (a) c=h-2a
gear tooth may interfere with the lower portion of the tooth profile. Whole Depth (n) &
To prevent this, the generating process removes material at this | Dedendum (b) Addendum (a) A b=h-a
point. This results in loss of a portion of the involute adjacent to the
tooth base, reducing tooth contact and tooth strength. . Outside Radii, Base
On 1412°PA gearsundércutting occurs where number of teeth is Contact Ratio (M) :::';;g::\:f; 2':‘?:‘:& 4
less than 32 and for 20°PA less than 18. Since this condition 9
becomes more severe as tooth numbers decrease, it is recom- M = RZ = R2 + /12 = 1,2 ~ Csing *
mended that the minimum number of teeth be 16 for 1412°PA and P coso
13 for 20°PA. T
In a similar manner INTERNAL Spur Gear teeth may interfere | Root Diamster (0) | Frich Diameter D,=D-2
when the pinion gear is too near the size of its mating internal gear. - . 57D
The following may be used as a guide to assure proper operation | Center Distance (C) ;nchfl:_)rnameler °;. n ot
of the gear set. For 1472°PA, the difference in tooth numbers 0. of Teeth and Pitc 2
between the gear and pinion should not be less than 15, For 20°PA. or N, +N,
the difference in tooth numbers should not be less than 12. 2
P
¢ *R, = Outside Radius, Gear
7 ro = Outside Radius, Pinion
R, = Base Circle Radius, Gear
: r, = Base Circle Radius, Pinion
Pitch 3 2 * Addendum
. b = Dedendum
Line . c» Clemance
! 1 h b Tk Working Depth
p— t ——] b k Tt - whote Depth
. RS S UV, (R S _l - \._ J_ - p = Circular Pitch
. k < l ¢, = Fillet Radius
— t HNF-.
fy - 1 = Circutar Tooth Thickness P 2474, Rev. 0
o & = Pressure Angle : age D-100
- ]
INCOM INTERNATIONAL INC. .




31 WIDE INNER RING BEARINGS

"N-KRRB Heavy Series
Relubricatable Type

—e heavy series R-Seal wide inner ring bearings are similar to the stan-
Srd series described on page 141 but are capable of withstanding con-
~wuous, heavy or shock loads. The GN-KRRB series utilizes a heavier
_ter ring than the standard series, as well as, a considerably thicker
=aling member in the contact-type dizphragm seal. This design assures
Smplete retention of the lubricant and positive exclusion of all
~ntaminants. These bearings are especially effective at siow-t0-
oderate speeds under the severest conditions of dirt and corrosion.

o

M
commended shaH tolezances: 1/27-29/1", nomina’ 1o -.00057, -.013 mm;
2%/6" 318147, nominal 10 0017, -,025 mm.
™ ORDER, SPECIFY BEARING NUMBER FOLLOWED BY "AND COLLAR" Example: GN303XRRB an¢ Collar,
Bearing Collar  Basic | Bore™ | 0.D. Ring E G H J X N M F ) Bro. & Static | Extended
Number Number Outer B A Widths Collar WL Load Dynamic
Ring Rating Load
size | - Co | Rating
Inner  Outer Ce
in, in in, in. in. in. in, in. in. in. Ibs. - Ibs. fbs.
mm fido wm mo nm ™ mm mR kg L] K
~103KRAB SV GX5 | 1y | 28% e S smo 1w v 12 Uz 2% @5 12 58 | 0 | 7
. n H5 w1 20 &2 w5 i@ X0 87 2R | mw
~10¢KRRB SN0 e . w oo |
~10SKRRB Smesk OO T TR R T Y S D % 108 s 2 Lem | em
~106KRRB SO G | e | @ ®0 0 2 | w3 ows 15 g5 2w aw Tm | am | &
~107KRB SK107K e . 1% i3
“<RRB SN GHB | 1 | 358 | 1w @t | M wm yw 2k e W 2% 25 a0 2% LR | s0 | wm
i w|sa 5| ows 2t B @5 %6 @ N2 BE ¥ ww | e
V1IOKRRE sk e L R R T N B B
N111KRAB S G| el il e m | e #s <t ne s w7 ws a% S M oan | o
~{112KRRB? SN2k i 2% 138
~114KRRE SN GE0 | v | a3r | v 1w | o dve e 200w T 20 2% 38t 25 4B e | w0 | s
~115KRRB st vep| w0 e x| ms ws a5 w22 5% GBI R® X 4 65 | %0 | e
~I200KRRB SK20K Ban 2 47244 23 120 REES L5 3 3% o 26 27l 4007 1475 a0 2R 230 18000
~203KRRE Sk e | | RE 0w |48 Ts 4 @6 22 S48 T W% ¥4 52 2 aso | o
~207KRRB Sk Gx2 | 2o | Suel | ohe 2% | i o Bk e 20 3w 432 185 6% 268 | waw | 240
—_ - EIEE R D € ms 2B SR me wR % e | ww
~211KRRE SZIK G4 | 2] S5 | 2w 14 | 1w W4 D 25 8% 4¥3 A0 8 <59 | w0 | 200
W | w® 5 | m £ wE 0 €3 &8, Y a% | s | s
~215KRRB S G | 2ww| 622 | 2w 5% | 1w W e DA 26 3 Sz 208 n& SEA | 0 | a0
W] oee on | 3 §¢ w7 38 68wk @ s o |
~303KRA3 SEK 66 | s Bhe 36 | 1% Ve Avhe W 26 4w 6B 200 BN T | W0 | X0
Ke 4 | 48 §¢ mel 3B I 54 @@ S B |
~307KRRB sk 68 | s S am | 1ove e 5% e 32 ue 623 202 A% G | 240 |
S5 5 | @ @ 78 wme %S 88 w0 w28 @ | w0
~315KRRB oK 6@ | 3w S 98 | e %2 we S Urs 38 SUe 109 2X0 X9 waR | 2%m | am
o s | om0 w6 79 s %S T ws W % 36 | s

34", nomina! 1o +,0008", 015 mm

HNF-2474, Rev. 0
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“RSAO Heavy Series

Fafnir RSAQ units are ideally suited for instaliations where the load is
heavy in proportion to the shaft diameter or where considerable shock
loads exist. Incorporating 2 high capacity GN-KRRB (R-Seal) wide inner
ring bearing, these units have the same base-lo-center height and bolt
hole spacing as Falnir heavy series SAQ pillow blocks.

These pillow blocks are prelubricated and ready for immediate use.
For wet or extremely dirty conditions, a grease fitting installed in place
of the standard Ve pipe plug will provide means of relubrication through
a groove in the inside surface of the housing, All units are supplied with
sel-locking collars.

Recommended shat tolerances: /%737, nominal fo -.0005°, .
2°-3%/%”, nominal 16 -.0010°, -,

Bearing Data
Unit Bearing Number Dimenslons and Load Raings
RSAQ GN...KRRB Page 144

TO ORDER, SPECIFY UNIT AND SHAFT DIAMETER. Example: RSAD 174",

/8 PIPE PLyg

Unit Shatt A 8 c =} E F G N 4 X N S Bolt Bearing Coltar Housing Unlt
Diam, Size Number Number Number wL

| m W m m R R w m m m A & & B

= mm ol mm mm mm am mm om £m nm mm nn k

RSAD 1 | am on iz 3w W BN 2k k% 1 ww ey, ONIOIKRRB Sk Lz ta

REAO. Th o lwm wme 0 2 W3 zb &3 m2 s B4 a2 xs gy ONIXKRRE swx oz g

RSAO v |. GNIOIKRRE  ‘SMEX 1247

RSAG WA : IR GNIOIKRRE  Stx  124%

RSAO 1w | 24 4¥s iz 4% 8% Wh 2k mx M W 24x W 4 GNIOSKRRB S Tz ¢
< RSAO  mh | ®E 3 55 ™3 2 A8 BS 2B w9 ZE E6 B3 8 GNIOSKRRB  SKOX 1% <X
UIRSAQ 1y GN107KRRB  SNK %

RSAO 12 | 3w 5w 24 4% 8 Wk 3% W % Wb 2% 1%z *h  GNISKRRB Sk 1zz | u®

RSAG s | B Wb 52 w3 m6 @y W& 20 w0 &b B5  ¥3  n8  GNISKRRE S lmm

RSAO - 1th S 2% 5 9 WM Bh W W 1u 2% awg oy ONTIOKRRB Sk e,

RSAO. Il mx o ams w7 own oms my me mz w0 mb &b me  wge  ONIRRE swmk o ipe

RSAO 1 o : GNI12KRRE  SNiX  Tze

TAO Imlm semo 2n S 8 wh sn e W vk 3 qmm s GNVKARB TR g

RAQ MM lmm o s) Wy ome m8 W m3 %0 26 w2 ar as  ONIMKARS B2

RSAO 1% : GN115KRRB 1252

RSAO 2 ] GN20OKRAB T2

RSAO vk | BT emR  2m s W B4 A WA B 1% %  GN2DIKRRB Y

RSAO 2w Wm0 Wa A 19 %5 22 MS HE 42 B0 GN202KRRB e e

RSAO 2k GNZ03KRRE 2%

RSAO 2 GN2MKRRE  SKzk ° Tzl

RSAD 24w | 4N Wk 3 G % 4 h W wm 3% w2 % GN2OSKRRB S TaM um

RSAO 2 | W WS me w5 e W ®1 22 ®3 KIS &¢ B0 GN2SKRRB  SK T ¥

RSAO 2w GN2OTKRRB Stz lausd

$) it b

TAOBh L mum wm o TR @ wh o m w1 w4 we w  CNZIOKRRE S 2

Toso Bwlus a3 me WS w5 WS s a0 24 w8 ws we  go  SNAKERE  smmo 1zw

RSAO 2 o s GNIZKRRE  S0X Tz

RO Ml ot swa B M W Ok M 1w ghe pwe % GNZKRRB S Ry

RSAQ. T lum iy e m2 w3 ms  tn 86 me ¥ vy g3 g GNZWKRRB S 2

RSAO 2w M i GN2ISKRRB Stk Tam L

e | O PR e EUs @M WM Oh e 3 vh e ovm - %2
RS20 3w | O ! s : 2
Pl omo e 2w mS a2 oz wd wn ge gy CNOWRRE XX 1za SO
S sh ot S Whon 2u T 2% S% 27l 1 o &2

RSAQ 3 {2 " N N o .24
flme w5 s 986 wme  m2 b mp e w2 me  ONOOTKRRB SEGK oz SO
RSAO  aup | BB W Sve  u W W b % w0 S% e A a5 . P
Y les 0 ms mo @1 w2 81 m6  ac g0 we e CPUSKRRR SR Tz
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®\, FLANGE CARTRIDGES/ CAST IRON

?&_QJO Heavy Series

}— 8 SOQUARE —-1

—F
. _RCJO type heavy series flange cartridges are similar in design to Hole Size
=¢ standard series, They are for applications where a minimum amount
= machining is to be done and are supplied completely assembled, -
wing mounted in place by means of bolts through the flange.
RCJO units are equipped with GN-KRRB (R-Seal) wide inner ring
wcarings. R - b
A grease fitting provides for relubrication if required. Units are sup- l
vied with setf-locking collars and are dimensionally interchangeable.
commended shalttolerances: 13/4"-1 ¥ss", nominal 1 -.0008", -.0%3
. 2°.3%14", nominat to ~0010", -.025 mm.
waring Data
nlt Bearing Number Dimensions and Load Ratings
€J0 GN...KRRB Page 144 !
0 ORDER, SPECIFY UNIT AND SHAFT DIAMETER. Example: RCJO 174™,
Unit Shatt A B8 -.C D 3 F G H J X Bolt Bearing Coliar _Houslng Unit
Diam. - (4 req'd) Number Number  Number w
i in. i in in. i in. it in. in. in. in. o 1bs.
mn i mm nm i mm mn fafd mm nm : kg
40 ¥ - e 1R I Y W 1Mz 3%s 1% ¥ 40
= R 13 ) ! .
0 s we w3 .o 52 13 51 0 %8 482 e GN10SKRRB Stk TS, 186
P . 5Ys 4 A P s e & 2w y 550
CiG % 1 ! .
PR ©5 &8 %3 w3 R WME KT /2 GNIOTKRRB s TE 2497
5% h W 2 s h 2 s 22 o 50
RC. 1 9 N108KRRS - il - T8
10 TR s e a4 3 B wY §2 i3 85 v OIS s TEE
~un . Towps 3%z 2w st wWe B 4 2 8
Rey " o N1 -4
o e w5 & ®§ B Bl %7 8 68 »  GNIKRRS Sk v 35
PN } LU\ L e
. oo\ 1 g v 2l 2% e B W Sw C 3 g RN y
J "'\. " W s ®2 0 &: WS w61 w3 %2 h | GNTSKRRET TSR T 5785
; 5 N 2% 3 whe v 2h §Yw 3 w®i5
RCJO 2y 3 N: N -+
h we WS %2 %2 W5 us W0 B0 &6 h GNZ20IKRRB s TS B4
2 S % PR I =h W & 3 52
RC, 7 3y N &
10 el oaes  em owe 81 & %6 30 %4 58 " GN20TKRRE S s 789
5 7 n e 3w Ww T 32 14w 4 20
RCJO 2 i % N211KRRB 1K T.1817
* 54 78 22 2 87 58 214 83 8T w6 t G. 1K S s o054
9 i s I &R e Ve 3%he T U e
RCJO 2% L N21SKRRB N2 18181
* | mig- w22 T8 Wws 28 G0 WD WEE 7 ¢ GN2ISKRR S T %128
" 82 M 3 A W v 4% 9 59a a3
RCJO 3 N: 7] -
oo MR %6 84 % @b %5 ws w6 w2 GNIOTKRRE SN Va5 ]
e 9 We 39 5% 1w 1 SVs W2 5w 5
RCJO 3% I ;
w| Srs wm ome  me  me %2 xS ms  mr  wn O GN3TSKRRE WK TEA
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** Compound radius—see illusteation

LM67000
SERIES

-3.0
-6.12

Quts] e
® | housin
diameler ﬁllell
- fadius
b [

dearing
width width
[4 T

39131 1 13
23280 | 0.05

15,875
0.4650 | 0.6250

LM67010
(half size)
~TM67010
THE TIMKEN COMPANY (B33 | )

M STER| 1™ Jim Lew

Co. Co.

Dept. Phone No.

Fax No, Fax No.

® COPYRIGHY 1986 8Y THE TIMKEN COMPANY - PRINTED IN US.A

HNF-2474, Rev. 0
Pace D-104

 BORE RANGE
- -31.750

- 1.2500

s

Cormpourd
Racius

It

]

| 7R

?'2

LME;&IO -
(1:2.5 size)

X 37y B Jrs KRy

basic rating @ 500 rpm
for 3000 hours L,

radial 9460 N

2130 Ibf

thrust 6680 N

: 1500 Ibt
K 1.42

use moditying factors to compare Timken bearing
€apacity-ratings with other makes of bearings.



TWO-ROW ASSEMBLY = DUuUbLE vune; oINGLE CUPS

-
2

| l

cone . cup
rating .1‘
width 3000 Wours b tactor part numbers
o il Il R
T- & & &5 X

62000 | 33.797 34925 | 10400 | 6800 | 18100 | 153 17116D 17244 0.8 355 15 | 540
24409 | 13305 1.3750 2330 1530 4050 0.03 140 0.08 | 213

|

68.262 | 36.810 38100 | 12200 | 9260 | 21200 | 131 19145D 13268 0.8 42.5 15 | 610 |
26875 1.4482 1.5000 2740 2080 T478% 0.03 1.67 0.06 240

71438 | 36.810 38100 | 12200 | 9260 | 21200 | 131 19145D 19281 08 42.5 1.0 | 630 |
28125 | 1.4482 15000 2140 2080 4760 0.03 167 004 | 248
72000 | 39.096 32900 | 12200 | 9260 | 21200 | 121 151450 19283 0.8 42.5 15 | 630
28346 | 15352 15000 | 27240 | 2080 4760 0.03 1.67 005 | 248
85.000 | 50.267 52375 | 19500 | 10300 | 34200 § 1.9 358D 354A 15 31,0 1.3 | 770
3.3465 | 1.97%0 20620 420 | 2320 7690 - 0.05 201 0.05 | 303
90119 | 54.891 52375 | 19800 | 10300 | 34200 | 1.91 " 358D 352 1.5 51.0 23 | 780
35480 | 21650 20620 | 4420 2320 76% 0.08 201 009 | 307
80.962 | 84925 30750 | 12200 | 11000 | 21200 | 111 131760 13318 SPCL | 500 15 | 720
17500 | 84675 | 1.3750 12500 “12740 | 2480 4770 1.87 006 | 283
50,800 | 93.264 | 50013 53188 | 21100 | 12200 | 36800 | 173 3750 374 0.8 57.0 13 | 8.0
20000 1 36718 1.8690 20940 4750 2750 8260 . 0.03 2.24 005 | 335
$54.988 | 136.525 | 66.091 65989 | 41100 | 60960 | 71500 | 0.67 782160 78537 23 79.0 33 | 1150
t21649 | 55750 1 26020 25080 9230 | 13700 | 18100 0.03 a1 013 | 453
$54.988 | 140.030 | 66.091 65989 | 41100 | 60900 | 71500 | 067 78216D 78851 23 79.0 23 | 1170
1216421 55130 | 2.6020 25980 8230 | 13700 | 16100 0.0 an 0.09 | 481
61912 | 110.000 | 55550 55550 | 23700 | 16300 | 41300 | .45 399D 394A 0.8 700 13 | 1010
24375 | 43307 21870 21870 5340 3670 9290 0.03 276 0.05 298
61.912 | 110,000 | 55.550 55.550 | 23700 | 18300 | 41300 | 1.45 " 309D 394AS 0.8 700 33 | 980
24375 | 4.3307 2.1870 21870 5340 3670 9280 0.03 276 0.13 290
63.500 | 112712 $0.325 60.325 40100 23300 65800 1.72 395850 39520 0.8 720 33 101.0
25000 | 4.4375 |- 2.3750 23750 9010 | 5230 | 15700 0.03 283 013 | 3.9
63500 | 112712 | 60.325 60.325 | 40100 | 23300 | 65800 | 172 39585D 39521 0.8 72.0 0.8 | 103.0
25000 | 44375 | 2.3750 2.3750 8010 5230 | 15700 0.03 283 0.03 | 405
63.500 | 136.525 | 66,091 65.989 | 41100 | 60900 | 71500 | 067 78251D 78537 23 78.0 33 | 1150
25000 | 53750 | 2.6020 2.5080 9230 | 13700 | 16100 | 0.09 310 013 | 453
63500 | 140,030 66.091 65.989 41100 £0900 71500 0.67 78251D 78551 2.3 78.0 23 117.0
2.5000 | 55130 2.6020 2.5880 9230 13700 16100 0.09 3.10 0.08 461
164.988 | 136.525 | 66,091 65989 | 41100 | 60300 | 71500 | 0.67 78255D 78537 15 79.0 33 | 1150
12.5586 ] 5.3750 26020 25880 8230 .| 13700 16100 0.06 311 0.13 453
161.988 140.030 66.081 65.988 41100 60300 71500 0.67 782550 78551 1.5 79.0 23 117.0
1255861 55130 26020 25980 8230 13700 16100 0.06 kAL 0.09 461
76200 | 115.888 | 53.975 53.975 23500 | 13800 | 52100 { 215 | LM114848D LM114811 0.8 83.0 15§ 107.0
3.0000 | 45625 21250 21250 6720 3130 11700 0.03 327 0.06 4.2t

© Those maximum fillt radi will be cleared by the bearing comers,
t For stangard class ONLY, the maximum metic size is 8 whole milimetre value,

* Cone Is extanded on one side. HNF-2474, Rev. 0
212 Page D-105




L.OAD RATINGS AND
- 'E CALCULATIONS -

SALL BEARINGS

~atigue Life

Secause of the dispersion in life of identical bearings operating under
dentical conditions, a statistical result will be obtained for bearing

~atigue life. For most calculations life is expressed as the number of

-ours that 90% of a group of identical bearings will exceed under a

—jiven set of conditions, and is referred 10 as the Ly life. For life values of

—jreater reliability than 80% refer to Table 4.

—The basic life equation for radial ball bearings is:
16667 X a3 X a2 X a3 fs X Ce |2
th= 3

N Hours 1]

The basic life equation for radiai rolter bearings is:

. 10/3
Ly, = 16887 X a.;( 32X & [ fn;c ] Hours B

Notations Used in this Section:
C _ = Basic Dynamic Load Rating — Radial Roller Bearings
Pounds or Newtons

Cz = Extended Basic Dynamic Load Rating — Radial Ball Bearings
Pounds or Newtons

Co = Basic Static Load Rating — Radial Bearings
Pounds or Newtons

Coa = Basic Static Thrust Load Rating

Pounds or Newtons
Bdsit Thrust Dynamic Load Rating — Ball and Roller Béarings
= Thrust Rating Calculation Factor

K: = Relative Thrust Load Factor — Ball Bearings
L = Life Factor
Ln Fatigue tife for Reliability Level "r" — Hours

N Operating Speed — R.P.M.

Nt = Speed Factor

R = Applied Radial Load on Bearing
Pounds or Newtons

P = Equivalent Radial Load on Bearing
Pounds or Newions .

Te = Equivalent Thrust Load — Thrust Ball and Roller Bearings
Pounds or Newlions

T = Applied Thrust Load on Bearing
Pounds or Newtons

X = Radial Load Factor

T(;i: = Thrust Load Factors

as = Life Adj nt Factor for R

az = Life Adjustment Factor for Bearing Material

as = Life Adjustment Factor for Application Conditions

fe = Dynamic Load Rating Adjustment Factor for Number of
Adjacently Mounted Bearings

is = Number of Adjacently Mounted Bearings

Ps..Pn= Proportion of Time at Load/Speed Conditions 1 through n

4 = Percent reliability of Survival Life

I = Operating Viscosity — Centistokes

HR = Reference Viscosity — Centistokes

/1 Ratings — Radial Ball Bearings
1 load ratings published in this catalog are based on AFBMA
Standard 9, but are increased to reflect improvements in
materials and processing. These new ratings are referred to as
EXTENDED BASIC DYNAMIC LOAD RATINGS, Ce. Care must be taken
that the EXTENDED BASIC DYNAMIC LOAD RATINGS only be used in

ES50

equations containing Ce, and should not be used in any equations in

prior published Fatnir catalogs.

NOTE: Ce does not represent the maximum permissible radial load
which in general Is equal 1o Co the Static Radial Load Retings.

Life — Radial Ball Bearings

Equation Bl in the case of singie row bearings and where a, az, as can be
considered each equal to one, may be simplified for general purpose as
follows:

m=——16367 [%—E ]3 Hours 3]

Equivalent Radial Load — Radial Ball Bearings

Calculate equivalent radial 1oad (P) by using Table 1 and required Y
{actors from Table 2.

Table 1

Bearing Description

Single Row Bearings
and Tandem Mountings

Double Row Bearings
and Preload Pair Mountings

Bearing Type P I x an
sndfor Series T %Co T
. RADIAL TYPE BALL BEARINGS Use larger of Resuiting “P" Value
MK, MVS3IRK b
- MBIO, VSIOK AR - PrRed
NZOOK MM2XK -
VRK, MM P=OSR 4+ YT P= DT8R+ 1625V,
Smaf inch anc Metnc
9300, 9100. 200. 30 P=R
and gervatives o -
“XLS" Large Inch P05+ YT
“Wand “GW TiPly 8ozt :
P=R
it [HNER BING SALL o
HOUSED UNTTS P=0SR 4 VaT
ANGULAR CONTACT BALL BEARINGS
TIKTZNTZEW
303
SANK S2EK, S, 52200 PR PR tim
S30K-535K nLT
s, P =045+ 1 P = 0203 + 1637
5322w, 5328W
S205K-5208K, Il -
st PR P =R+ 0767

5136217, 519, 522

o o
S06W510, 5319, 5326 P e 0258 + €767 P=06R + 1247

T219WN-T232WN P=R P =R+ 080T
TATNNTIWN o o
P=03%R + CET P= 0588 + 10T
TANWNTIBAN P=R P =R+ 0557
TRAN-T218WN o of
T4I2WN-T415WN P=0BR+ 05T P 0578 + 0857
24830W0
2NMR100W), V2100 P=R P =R+ 1.124Y2T
2V200W,. 2MKZ00W o o
2300W . P =044 + YT P DI2R + 162577
a2
MMI00WO P=R =R+ 1124Y57
o o
P = QMR + Yo P = 072 + 1625Y57
230000 P=R PR+ 1LIET
o o
P = 0438 + 1057 P=070R + 1721
MMFES00V
3v300M P=R PR+ 0027
3MB100W1, 3VMIO0W o o
3V200W:, 3UM200W) P=04R + C5T P = 0B7R + 1417
SN0

HNEF-2474, Rev. 0
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Date: * June 6, 1995

Teleconference with engineer (Jirn Goedly at Torrington Bearing Co., 206-455-4466
regarding Safety factor incorporated into their published Static Load Ratings.

Loading less than the Static Load Rating will result in less than 1/10 inch deformation of the
ball, and would correspond to a yield strength. Actual bearing failure (ball fracture or
disintegration) would require 2 to 3 times that force, which would correspond to ultimate
strength. Since we are designing to safety factors of 5 to ultimate and 3 to vield, a
calculated SF of 3 based on the Static Load Rating should be sufficient.

- OK but still require heavy duty bearings, resuiting in enlargement of winch box.

New pumps issued - Submersible pump now weighs 3000 Ibs. Three bearings will be -
required.

HNF-2474, Rev. 0
Page D-107



T-H MANUFACTURING (O S53E D WM gs229kL9 0O0DL0S 15y M

E~21-15
SWIVEL JOINTS ENGINEERING SPECIFICATIONS

)

Manufactured in eight styles. Sizes from 3/s” through 16” pipe size in steel, and ¥:” to 4” in
aluminum and stainless steel. The casic components of -M Union Assembly Joints are as
follows:

Swivel Nipple: Rotates on 2 rows of chrome alloy steel balls to ensure ease of rotation’
under severe thrust and radial loads.

Holding Nut: Provides half of bearing race and utility of (1) Providing initial com-
pression on packing (2) Take-up on worn packing (3) Quick disassembly for repack-
ing. Ball races of 6000 PSI and 15,000 PSI series are through hardened to 42 to 58
Rockwell “C” scale, for maximum strength and wear.

- Body: Parts 1 and 3 are changed in configuration to provide eight different styles.

Back-up Ring: Furnished in similar metal to part 1 to back up packing and act as
outboard bearing during severe radial loads. Optional materials: Aluminum, stainless
steel, teflon.

Male Adaptor: Acts as wedge to expand chevron packing and effect seal. Furnished
in Buna N as standard, but may be furnished in aluminum, steel, stainless steel or
aramid fiber.

Lock Bar: Locks assembly of parts 1 and 2 to part 3. Removal of lock bar allows
holding nut to be rotated to (1) Take-up on packing in increments of .005” or 2)
Remove assembly of parts 1 and 2 from body for repacking.

Grease Plug: Hole is tapped to receive Alemite fitting but since T-M joints usually do
not require lubrication until repacked, a flush set screw is inserted at factory.

®®O®Oe6 06

HNF-2474, Rev. 0
- Page D-108
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T-M MANUFACTURING €O 53 D WM 88229L9 0000110 97 W&

: E-21-15
N ~ Basic Components:

0 Balls; Hardened chrome alloy steel balls are furnished as standard. Optional mate-
rial: stainless steel.

“O” Rings: Act as grease scals to (1) Seal grease in assembly to insure proper

@ lubrication of bearings (2) Seal against grit and dirt from outside sources (3) Seal
bearings against line contaminants. Standard 6227 and 6230 sizes used. Optional
materials: Silicone, teflon, viton.

Chevron Packing: The most effective packing design known, used in standard JIC
and AN-6225 sizes in Buna N. Optional materials: teflon, aramid fiber, viton,

Ball Plugs: Retain balls in races. Assembly of parts 1and 2 is made at factory and need
not be disassembled to repack the joint. The T-M joints can be repacked without
handling balls.

When ordering specify Size, Style, Material, e.g.: steel, stainless steel, etc., working pressure,
working temperature, material to be handled, and end connections.

Standard end connections are threaded, (TE}, bored for welding, (BR), or flanged (F); see
price list for prices. Other end connections on special order.

Component parts can be ordered to suit individual requirements, e.g.: 2” style 100 1000 PSI
MWS, steel with bronze male adaptor (9) teflon packing (D), bronze back-up ring (8), and
stainless steel balls (B).

T-M Swivel Joints Out-perform All Others:

They can be repacked in the line or in the field without the handling of balls. Result: Less
down time.

Union Assembly allows for take up on worn packing. Result: Up to 400% longer packing life.
Provides positive pressure on packing to insure against low pressure and low temperature
leaks. Result: No leaks, less maintenance. -

Bearing assembly is protected against outside and inside contaminants, and grease is sealed
in. Result: Longer life, less maintenance.

They will withstand heavier radial loads and thrust loads while maintaining seal due to high
quality bearing races, outboard bearing, and modern engineering design. Result: Lower final
cost.

All packing, “O” rings, used in T-M Swivel Joints are standard to JIC and AN sizes.
Commercially available. Relult: Less inventory.
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M
SWIVEL JOINTS

ESTIMATED WEIGHTS

STYLE 100 200 300 400 500 600 700 800
3e" & 12" Alum. 1 1 1 1 2 2 2 2
Steel 2 2 2 3 4 4 5 6
1" &3/s" Alum, 2 2 2 3 4 4 6 6
Steel 4 5 .8 9 9 10 13 13
11/ Alum. 2 3 3 4 5 5 7 7
Steel 5 6 7 10 11 12 15 16
112" Alum. 3 4 4 5 6 6 8 9
Steel 9 11 12 16 18 19 23 24
2" Alum. 6 8 9 12 13 15 18 19
Steel 18 19 23 31 34 38 48 51
15000 PSI Steel 18 21 24 34 39 44 52 57
212" Alum. 8 9 12 15 17 19 23 25
Steel 21 25 31 38 43 47 59 65
3" Alum. 10 12 15 20 23 26 30 33
Steel 25 29 37 49 57 65 82 90
4” Alum. 19 23 27 31 42 47 58 62
Steel 52 60 72 85 98 110 136 144
6" Steel 95 110 125 205 220 235 315 330
8" Steel 115 146 177 262 292 323 407 438
10” Steel 140 195 250 835 390 445 530 585

12” Steel 1656 233 811 388 466 544 621 699

Note: All weights given in pounds for threaded or welded ends. (Flanged weights not included.)

o HNF-2474, Rev. 0
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TERMS AND CONDITIONS CF SALES:

Prices and conditions of sale are subject to change without
notice. Prices of all T-M Products are f. a. b,, Sunnyvale,
California. All material for export is subject to a 4% charge
for export boxing. Material will be accepted for credit when
returned with permission, and material returned for credit is
subject to a restocking charge. Orders for products incor-
porating varjations from catalog listed items are special; are
subject to cancellation at extra charge and cannot be
accepted for credit upon return. We insure to the common
carrier but not normally beyond the point of delivery to the
common carrier unless otherwise instructed. We maintain
responsibility to the extent of the insurance carried . .. to the
common carrier . .. or beyond when so irst-uzted,

GUARANTEE:

All T-M Products are unconditionally guaranteed for one
year against defective material or workmanship. Materials
returned, f. 0. b, Sunnyvale, if found defective will be
repaired. Material found damaged but not defective, wiil:

repaired at nominal service charge.

WHEN ORDERING SPESIFY:
1. Pipe Size.
2. Style number of joints.
- - 3. Material (aluminum, steel, stainless stecl).
Product to be handled
Operating pressure.

Operating temperature.

NS

End connections (threaded, flanged, bored or beveled
for weld).

y
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@ THE FINAL COST OF AN ITEM IS DETERMINED
BY ITS PERFORMANCE

@ T-M SWIVEL JOINTS ARE OUTPERFORMING
ALL OTHERS

@ SPECIFY AND BUY T-M SWIVEL JOINTS FROM

REPRESENTATIVE

T-M |
SWIVEL JOINTS

T-MMFG. CO.. 895 E. ARQUES AVE.. SUNNYVALE. CALIF. 94086 (408) 736-5202 FAX (408) 736-3743

B REV 482 - PRINTED IN US.A,
kY v
A B

-/
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The I'-M Swivel Joints are he reauli of mxlern enginecring
methoda spplied to the deaign and manufacture of Batl-Bene.
Ing Swivel Jolnte, Qver 401 differenttypes, atyles, and alzci
have boon developed for Presnures and aecvices from 2u~
¥acuum to 15,000 P.8.l,, and temperatyres toS50degrecs I\,

Along with the development of yew typesol Swivel Jolnta for
many diferem gervices, T'-M aino carrlea ot continuous
tenenrch for the purpono of developlig and peclecilng Swivel
Jolma which will mect your perforinance apeciflcationa,

AllTM Ball Beartng Swivel Jotuta employ the haric prin-
clple that it turtiing movemont takes place on double rows
of Ball-Dearinga, ARhough each rotating menber turng ina
slugle plane, unlimlied flexibility is secured by comblning
awlvels In the proper sequence,

The M Swivel Jolnt arran
the working PAri’ Ao that

822969 000008 0 M| . &-X/-/S

\\ -

5%

7

d g
0 Ciié 5
2000 2

e N
G

T-M Swivel Jointe nre superior becasuse;

They will withatand greater radial and thrust loads while
malntalning senl,

‘The union asseinbly allows for repocking in minvtes, while
fu the line,

Unlon nesenibly allows inke-up for worp packiug, thus extend-
Ing the urable He of packing.

Unlou assenibly aliows takesup for pressure varlances and
for extremely volatile msterlala,

Uulon asgembly permits repacklng withow the handing of
ballg, -

Standard packing Is used througlout T-M Swivel Jolnts,

© Avallable from "M Manufacturing , thelr Deolers, or frotn

your local aupplier,

LS

. \__/. "SWIVEL JOINTS

. e

4362

PROBLEN. HARD
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@ﬂ@ Bearings, Inc.

Bruening « Dixie - King

. PT-50

| T8y Universal Joints

Pin and Block

D Type

Standard industrial type universal joint
with pin and block design. The special
tapered shape of the yolks provide

exceptional strength for long life, while
allowing full free movement of the joint.

*Operation of all universal joints is determined by the

on-
sult Lovejoy Engineering for specific limitations and.

Ideat for applications with angles up to

25° and speeds up 10 1750 RPM.” Avail-

able with your choice of round, hex,

splined, or keyway bores. Boot retaining

grooves are standard.

recommendations. i _______ T~ 1-
RN
B =37 G ; oo
------ f = e e .
D Type Dimensional Data ' T —L
Dimensions in Inches Max. Static
Cataiog Catalog Overall Bore Diameter** EBore Bere Max, Breaking Approx. Weight
Number Number Length Depth with Square Torque Lbs.
Solid Bored Q.D. OAL Std. Max, E g Keyway Hole In-Lb. Solid Bored
D-1 D18 Ya A e Y % e - Yie 110 .05 .04
D-2 D-2B o 2 VA % 1 Sh —_ Va 378 10 03
D3 D-38 % 2% s 4 i e Ve %3 540 7 15
D D48 Y 2'%e A 4 12 % "hs % 768 .30 25
3 D5 D-58 A 3 he Mhe 1% A Y2 e 1,176 45 37
; D-6 D-68 1 3% Y % 1"e 1 %he N 1,560 65 .55
D-7 D-78 1% 3% She Y% 1% 1 A % 2,880 .85 Nal
D-8 D-88 1% 3% 3 1 1% 1%s % s, 3,220 1.11 .84
D-10 D-108 12 4V % 1% 2% 136 % % 7.920 .18 1.5
D11 D-118... 1% % 1% 2% 1% 1 e 10,680 3.0 25
D12 D-12B 2° 5% 1 1% 2%, 14 1¥e Y 15,600 4.2 35
D-13 D138 2V, 7 VA % 3% 2 1% 1% 33,120 8.5 7.2
D-14 D-148 3 Y6 1 2 43 2%, 1'% 1% 65,400 16.0 130
D-i5 D-158 -4 10% 2 2% 5% kYA 2% 1% 138.000 33.0 28.0
NOTE: M ing angle for of powet is 25°.
Dimensions subject to change without notice.
° * Applications which fal! outside the limitations of these tables shoulc be referrec tc our lechnical design staft,
Keyways, set screws, pin holes, special materials, or bores other than siancara avaiiable at additional charge. s
Universal Joint Boots Boot Upper Lower
§ . . : Size 0.0, J, Js
The life of a universal joint can be D- 3 D g
iy 1 73 2 %
exiended substantially if booted. Wear D-2 A 22 %
areas of the universal joint are protected 0-3 i/’ 13,/” |§/"
from dirt and contaminants, while lubri- 3:2 ,;‘ ’1 ,;’2 " ,//“
cation is retained. Lovejoy on-site D-6 T 1=/f 1’/:
replaceable boots ensure proper lubri- D7 1% 2V, 12
cation for up 1o 5 times longer universal D-8 1 2%, Ve
joint life. Installation and replacement is g':?. };/f 23/_’5 12‘;/“
fast and easy. Your machine can be back D2° 2 - 2"/‘:2
in operation in minutes, Lovejoy univer- D-13° 2% - 3%
sal joints: D, D-§§, DD, DDX, KD, D-14° _ 49
NB and LOJ come pre-grooved 1o ac- 015 4 = 5%

commodate on-site replaceabie boots.

Upper Type Boot (U)

Lower Type Boot (L)

HNF-2474, Rev. 0
Page D-114

Js

Boots are available separately.
SpecHy boot size and if uppes or lower
{ex. D-1 Upper Boot}

When possible use the larger diameter
Upper Type boots. If sufficient space is
not available then use the smaller diame-
ter Lower Type boots. Standard boots
are packaged two 10 a bag.
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INVERTRON

A-C DRIVES

RELIANCE ELEC. @oos

Outpwt  fagov
Ratings
Qutput Current 180 | 240 | 350 | 330 | 420 480 | 625 | 750 | 875 1380
Output Overicad Capacity | Upto 150% for 1 minuts 125% {110%
Ralings | Output Frequency | 0-2C0 Herz
Input Power Supply 3-Phase 3SC4CH/415/260Y
Ratings | Adow. Variaticn Blus o minus 10 percent
Controt Method vak: F}:: 5:9‘“‘;?;":95‘::0‘::’3“ )
: .5% of base hrequency with slip compensaten
Speed Regulation .05% of base frequancy
Freq, Regulation 0.1 Hertz
.- Control oy : VGI Multi-paint V/Hz curve shaping either linear of quadratic; , .. . .. -
Sgecs. Veltg/Hertz Ratio VCI: Programmable motof voltage reguiation s s :
Torque Boost VGI: Up to 30 Volts at & prog ble output | y VCi: Calculated from motor input data
Canmier Frequercy | Fulbspestrum siitching canier freqy y 800 Hz and 4 KHz) to lower motor noise
VG Thres critical trequency avoidance bands, D-C braking, Siartinto a rotating motor,
Auxiliary Functions Slip compensation
VGI: 8 seleciable preset speeds, Torque Emit, Progi ble for winder apph
Operating Method | Keypad, of hardwired plot devices 10 controt terminal strip
Speed Reference/ | Up/Down arow keys o2 Yeypad: 0-10 VOC {+/-), 0-20 or 4~20 mA analeg signals wired to
Input Signals terminal strip, Static MOP inputs wired to terminal strp, C-1 MHZ (Pulse Train), and preset spesds -
Aocel and Decel.- | VG Linear os “J° curve 1 o 3277 seconds; acceleration and deceleration set independently
Operating | TiMe VCI: Linear 0.1 t 3277 seconds, leration and icn sat indepsndently
Specs. Extecnal Qutput 0-10 VDC analog outputs proportional to motor voltage, motor current, and motar speed:
Signals {(analog) Ogtional 4-20 mA output signals -
Digital Qutputs . Fault cootact, 1-N.01 Run contazt, 1-N.0.; 2-Pregrammable out relay contracts each 1-N.O.
Seral RS232C sarial port with optiona) MMI software provides ability to upload/downicad drive .
Communications parameters, and monitor register valuss
. Run permissive open, heatsink overtamperaturs, fine dip ride-through time exceeded, Overspeed,
Inverter Trip - D-C bus overcurreri, Motoring overcurrent, Grourd fault current, Microprocessor fault, Motor over-
. current )
Protecive - - -
Furctions | Fault Warring D-C Bus Voitage less than 85%, plus two programmable input contacts from usec-.
Ride Through Six cycles with a programmatie vottags fide-through tevel
Fault Reset Faull raset by contact closure or keypad .
Dispizy Mode Metet RPM, Input Speed Relererce, Motor Veoltaga, Motor Current, D-C Bus Velage,
piay M Siip Frequancy, and Quiput Frequency, Units are scalabie
Displays the method of speed reference input such 2s anatog input. MOP, preset speeds or speed
indicgticn Reference Mode pot .
}a(r:;p ad Control Mode Cisplays the methed of drive control either keypad, or terminai strp
. . Fault codes with English messages are displayed; As sach fault cocurs it is stored with an
Oiagrestic Mode eccutrence time in NVRAM, if several faults cccur at once, they will be shown flashing
Code Mcde Provides the 2bilty to enter and display tha three levels of password protection
Storage Temp. 40 C10 65° C (50" Flo 149° F)
Ambient Temp. ¢* Clo40° C({32° Flo 104° F)
Operating Hurmidity Nor-condensing, relative hemidity to 85%
Condi- installation Incoor not more than 1000 m (3300 1) above sea level
tions Enclesure NEMA 1 force-vertilalad .
b (e 360 | 950 | 560 | 80 | seo | 580 | 2000 [2oco {2000 [2000 [3000 {3000 {3000
eight (kg) Us to 400 P | 500-800 HP [ 001200 HP
RELIANCE
ELECTRIC
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RELIANCE ELEC.

250 Wf B Vrive

INVERTROM
A-C DRIVES

A multi-function alphanumeric keypad and display provides
operation, programming, and monitoring of running condition.

The VGI/VCI keypad display is comprised of
two lines and 40 characters. This backlit, LCD,

English message display is eastly visible when
viewing — even from a distance.

CONTROL MODE:

~ Shows the sefecticn .
and status of the control
source {xeypad, or re~

mole operation) and \ b
oy faults, alarms or 3
other status indicaticns.

/

REFERENCE MODE:
- Displays which speed
refersnca sources are

REGISTER MODE:
Displays values in
registers with proper
address and abilty to
L~ rnodify data (with proper

passwords when nec-
essary.} -

I~ Dpata MODE:

CODE MODE:

configured and which
onels active. DISPLAY MODE:

— Shows actual system values,
such as voltage, current,
frequency and speed.

OPERATOR KEYS:

Ealalixio)

Reverss Jeg .

NON-STATE KEYS:

[<I2]

Enter Up Oown

RS$232 PROGRAMMING PORT IS
ALSO AVAILABLE — AS STANDARD.
Using Reliance MMI Software all parameters
can be downloaded, uploaded, monitored, and
saved as a file for transfering to future addition-
al drives.

DIAGNOSTIC MODE:

- Clear text Indications of fault, atarm,
and emergency conditions. Keeps an

errof fog of taults coinciding with the
working hours countar. .

DISPLAY . -
LOW_LINE_RLT

FAULT DISPLAYS (Sample List)

In this mods, pass-
words and password
tevels can be defined.

" 'DESCRIPTION.
Line Dip Ride Thru
Exceeded

BUSTOVERVO)

% Bus Ovérvoliags

OVERTEMP_INV

Overtemperature on
Heatsink

E-DRVER "Pow Stipply Fau

BUS_OVERCURR Bus Overcurrent Trip

. MOT.OVERGURF Motor Qvércufrent
EARTH_CURRNT Ground Fault Trip
LVOLT TIMOUT .- < .~ Coast Thru foo'tong” © .
PROC:A-B_FAULT Processor ‘A’ Fault

- MCR“KPS_OPEN.’ " Main Contactor - 32"

AR AuxiliaryOpen-- -~ -

MCR_KPS_CLSD

Main Contactor
Auxiliary Closed

+15/5V_FAULT - Logic Powst Not Ready
PROC: B_W. DOG Processor Watchdog
Time Out

CBUS ASYM_VLT -

D-C Bus Asym. Charged

HNF-2474, Rev. 0
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JLL23U 200 1039

rouye

Y MASTER ALTERNATING CURRENT MOTORS

SCUIRREL-CAQE INDUCTICN'
ENCLOSURE:
FRAME L3230TY

}=4

'S
" EXTERNAL

TOTALLY ENCLOSED SUSMERSIELE

FIPE THREAD =

<\~\1= i

. 2 T \d
——-_i e

‘T 17 STO. PIPE THREAD,

LEF’ DlA,

i6 HOLES

T gr _THREADED / H_“L"il
. XT —EXTENSION

DIA,

DIMENSIONS ARE [N INCH'S
w

FRAME c . L- B T Uil v AG

AH | AJ AK 4} Al

2.4987 2.12

5.56118.7517.500 | 15.25

3807TY | £1.81

33,25} 20.381 4.25 3.8 45.25

LEAD CONNECTI{ON

B8.E. KEY

FRAME | BB 85D (2} 8F XT X v

X0 |so.|LGTH.

280TY | .28 20.25 {1.12 1 .63 |1-12-133 - 8] 128

10.88 .50 { 3.00

2 "307 YARIES 2,010,

33 "U” YARIES «.0000, ~.CQ0%.

4.) YaXT YAR[ES ».60Q, =.002

8.) LEAD WIRE LENGTH AS SPECIFIED QN SALES CRCER.
813 172 = @ PDPE THREAD SUP”L {20 WITH

Clﬂl.’ SiTES LAAGER THAX /0

FACE RUNCUT AND ECCENTRlclTY 008 MAX, T.IR,

-) AQTECTIVE COND! FURN{SHED BY CUSTONER.
el L2850 THOT e {1 CERTIFIEQ FOR-

15 SPECIAL TIMENSICNS APPLYING TO TKIS CACZA CON THIS LINE.

- HNF-2474, Rev. 0
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=L 5.0~ P 1780 s.F 1,15 ROT0R 418141-33-RE
o YOLTS 460 NERA CESICH B TEST §.6, ==~
.5 anPs 85,9 CODE LETTER G TEST 0ATE --~
it P cuty CONT ERCLOSURE TEFC-XTSTATOR RES,8 25¢C , 0806
~ASE/HERTZ 3/60 AN3OC/INSUL 40/F  E/S 592966 0HAS (BETHELN LIKES)

et N O

~cD ; ! . ‘

e : :

Fab ; — . . i

=. .. . . B RO RV S

STt = : P
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ﬂﬂPERES SHOUN FOR CONNECTION, IF OTHER YOLTAGE CONNECTIONS RRE AYAILABLE, THE
ARPERES UILL vARY INYERSELY WITH THE RATEQ YOLTAGE.
RELIANCE 0R, 8Y_ P.R. GRELAL A-C MOTOR
€K, BY___L, f, §i0 6698-A-002
ELECTRIC S i PERFORMANCE  ES66
- Z A 2 enrivias Arimve o reenc nsre  NQ/13/R4
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REL: FRANE HP TYPE FrASE/ RPH voLTS
- o= 75 P 3/60 1780 460
s oy | TR | SR | oision | weriee. | e
85.5 CONT 40/F .15 B G [ TEFC-XT
R
592966 . 418141-33-RE - --- ' .0806
PERFORMANCE
LOAD- -. TR ATIPERES RPH. FolicR FACTOR | EFFICTENCY
NC LOAD 9 27.s 1800 4.41 0
174 18.8 34,3 1796 55.3 92.8
2/4 37.5% 48.6 1791 76.0 - 95.1
3/4 §6.2 86.1 1787 83.6 95.4
474 74.9 85.5 1782 86.4 95.0
5/4 93.8 107 1776 . .87.0 94,4
— SPEED TORQUE . ]
R 7 FoREE o T?_‘?’U_EFT‘ ANPERES
LOCKED ROTOR 0 162 357 - . 540
PULL UP 700 140 309 591
. BREAKDOKN 1715 226 499 290
FULL LOAD - 1782 100 221 .85.5

AMPERES SHOWN FOR

460, YOLT CONMECTION. IF OTHER YOLTAGE CONMECTIONS ARE AVAILASLE, THE
AIPERES HILL VARY INVERSELY HITH THE RATED VOLTAGE

REHARKS: XE HOTOR-TYPICAL DATA-NEMA NOM. EFF, 95.0 PCT.

; GUARANTEED HIN, EFF. 94.5 PCT.
P £
RELIANCE m. orf-B, OREERE 1 A-C MOTOR  g3669a-a-002
ELECTRICED app, 8y_Ue 1. BYRD PERFORHMANCE 09/13/84
CLEVELAND, OHM10 44117 U.S.aJ01E L2 BaTA ISSUE DATE
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FIGURE7 G-33-05
I I { I | | I ! | I 1 I T
TYPICAL ENGINEERING STRESS-STRAIN uTs
CURVE OF NITRONIC 60 IN TENSION
34“ (9.52 mm)dé—Longitudinal  Annealed + Straightened
Direction Condition
i

i l j :
B /o /

| i S

| /4 AT

' D 7 T S o02% vs

i i Ly Pt /

/ s /

T 5 S ;
s 1 YA H
RNy 4R
N R A Va i

Hyd /
T

1

,
i
!

i
1
L Proportional

Limit

|
]
i
f

UTS = 111,000 psi (765 MPa)

0.2%YS = 70,700 psi (487 MPa)
% Elongation = 69
% Reduction of Areax= 71 .
Developed with Class B Extensometer

W

‘ [\ 0 { / 4 !

002 003 004 .005
Strain, in/in {(mm/mm)

.006
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Stalhiess

- T o R X ettt
S e S I En T = :
Stainless Steel Wire Rope  ion rexistant type 202 stai YPEI3U2 Stainless St
i - Controlled chemistry of Type 302 provides exceptionally high i isiant type stainiess steel provides excellent mar
Stalnless sieel wire rope Is especislly sulted for {requent, con n istry ¢ € : h Lmity in strength and elongstlon propertiss, pius hign f 2
inuous exposure lo Stainless resulting in & high performance cable that far ’é\;lg’nce. The bresking strengih contorms 1o the latest Pevision o1 o

high resistance 1o corrosion from marine environ-  the of the  Sir niorT
steol p'po:llra;:he;gicn’l?, oxiGizing scids, nnd food processing. is  LESS-PLUS SUPER ALLOY WIRE ROPE—See page <9 RA-W-<10, MIL-W-83¢20. an¢ MIL-W-57161 10 {na:

chep 1t apolies. This high perlotmance cable far exceeds the  brac

aments, s, ox 0 3 A A P
i i hemical 10 combal spreading crevice Cortosion and pitting that

S vailabte in the following five grades. TYPE 316—Provides c! 0 ior ack B o 9h pe
» [ agnelic properiies ideal for use around  ventional Type 302 anc Type 304 stainless sieel in & marine 13 N 5 . t an
"ssncgc?nz"?:gm:rgg. xP?a%zek,}cdgTYpPEIQOhEreaking strength  sphere. TYPE 305 NONMAGNETIC—See page 484, Meets tef?ly used in ihe chemical, 1008 processing. petroleum, ang  anc
—:c;r:ﬂlmms to the Tatest revision fo i Feder: i ion Mil-C-18375A and is igeal for applications whic Breaking

Quire good corrosion resisiance and low magnelic permeabild erLebngm N NET/FOOT
" 5.

. SINGLE STRAND—Ministore saes aieves) g:’

al
RR-W-410 (except 1 x 7 Type 304 construction) or Mil-W-£3420.

: : niature sizes are used
Type 316 Stainless Steel Wire Rope bl aS I anc siancard sizes for oy e QQ
- jiture Sizes
Breskin Breaking . 2 38587141 . s
Suengxg NETEOOT :3 ';3  Stength . Nevroor | eseT- 568 A
Dia, _Lbs.  No. 1.9 100-299 393-Up . Dia. _ibs,  No. 9 100-298 3 % Sine)
1 x 18 SINGLE STRAND 3 %38 7 x7 STRAND CORE 5¢ Single Strand
5 ... 4,780 ....8906T12....50.68 SC.55  §0.86 :Ex B 60 S o
1%18 4000 8908TI6... 143 091 0676 % 0%
£.90 asoe;ﬁ. '}'52 :g; ;EZ 1x7 L 00000
40,600 .....8908724 ... 2.1 5 X
53 14,800 .. B908T26 e 3.4 283 248 Strand Core s8¢
§ %18 IWRC R
Vg ....16.300 ... 8905T58.... 56,57 $5.80  SLES 30 Al
27 %
<7 Single Strand
- 55
%18 15 SINGLE STRAND—Usec for guyiny 22
. braz-
Strand Core . s 25 stanging rigging. ouving °
150 0.
Charecteristics Applications
Abrasion Corosion | Uight | Neavy T Small | Signal
ation | Cor troagtt Flexibii i Moisting | Rolsting | Drums an an
Construgtion | Core | Sweagth extbitity g 9 | Psneaves. | contot
1x19 Strand | Excellent | Very Good Low Exceilent
7x7 Strand | Moderate | Very Good | Mogerate | Excelient b3 b3
6x19 WRC | Moderate Good Good Excellent I3 x X
7x18 Strang | Mocerate Gooc Goos | Excellent X x E3 X N :
17 HOLLOW CORE 1
L110........ 3455751 ...
Type 304 Stainless Steel—Wire Rope 5% 15 IWRC
[.15.300
: ) 22800
Breaking Breaking
Strength NET/FOOT Strength NETFOOT
Dia. _Lbs.  No. 185 100-289 300-Up $ 4% Dis.  Lbs.  No. -89 100-205 39 . 198 N‘%K;SQO;OO-UD G
1 x 19 SINGLE STRAND 7x7 STRAND CORE . FIWRC—More fiexible than 6 x 18 construc. steuctior
Ine" 3861734 Ing 280 .....3861744....80.26  50.21° Rmnoioh it is not as gurable. 6x37 s
$ 3881765 40 32 . 3008 " atseti Sene S161  $1.34 IWRC d
3481746 R I yti sy Siis S 3%
1x7 348147 70 ST PR
38617480 98 B0 Py
Strand Core 3461T81.... 137 132 T3 tos oo

E ~ Characieristics
. Abrasion Corrosi
fooction | Core | Strength | Resistance | Fiexiblity | Resistant
AL 'x7 Stran¢ | Exceftent [ Very Good Low Excellen
: 3 3461773 119 Strand | Excelient | Very Good Low Excellen
§x37 Strand Core
ARG x7 Hollow | Very Good |  Good Excelient | Excenlen:
Characieristics Applicstions 23 Hollow | Very Good Bood Excellent | Excellen:
Abrasion Corrosion | Light | Heavy Small Signal
Construction | Core Strength i Flexlbility i Hoisting | Hoisting oé:ms and can‘d , g7 Strang | Excelient Good Good Excellent
eoves ontrol
n ix 7 trand | Very Good [ Moderate | Very Good | Excellen
1 Excellent | Very Good Low Very Good
1% 19 Sirang | Excellent ry Y |_$119 IWRC | Excellent | Excellent | Very Good | Excelient
7x7 srand | Excellent | Very Good | Moderate | very Gooe X
S oy y 11¢ Strand | Excetlent Goog Excellent | Excellent
S x19 IWRC | Very Good | Moderate | Very Gooc | Very Good X X 3
137 WRC Goos | Very Good | Excellent | Excellent
7x19 Excellent | Modecate Good | Very Good X x x -
g2 Fiver | Moderate Low Excelient | Excetlen:
6 x 37 IWRC Bood Moderate | Very Good | Very Good X X

ns listed on this are general, and are
idual needs. To select wire rope ¢c

P T o - w v ea e pd e T m f e s T e PEETEE T, b ‘ L
Hil'deseriptions of the wire fope AppHIEAIoNs 1isted on this page are goneral, and are provided with the intention of making H eas e SCT pti ;esr %x‘:ry% rone applicat
¥au 0 setect the proper, wire rope for your individual needs. To select wire rope correctly, be sure 1o apply sound enginsering Pt o pe for your ine
D010 sele roper wire 10pe for you IO SR mes o s e e AR S A sl o -

McMASTER-CA

ey

HNF-2474, Rev. 0
Page D-124



e B

BOSS COUPLIN

cs

Wing Nut Threed ~ Famale NPT Male NPT wing Nut Thread Male NPT Fomale NPT

"Boss® Clamp, Stem, Wing Nut Fornale Spud Pipe Outlet *Boss* Clamp, Stam, Wing Nut Male Spug Pize Outlet
FEMALE SPUD COUPLING with CLAMP MALE SPUD COUPLING with CLAMP
Wing Nut Thre2d M M/Cf-wcg(éf) L/‘Nq F(/{L;‘W
F RIS (RN S3L7

37 3'Brss .
i # $ B33 A - ¥
HRG" G pas 4" poss, 1506
*Boss® Clamp, Stem, Wing Nut Douvble Spud Wing Nut, Stem, *Boss* Clamp

. DOUBLE SPUD COUPLING with CLAMP
EZ-BOSS™ GROUND JOINT SEAL

) on-metallic polymer ssal is not subject to corrosion and ofiers rasistancs 1o chemicals and steam found in manufacturing facilities. /
precisely machined recess holds the ssat firmly in place, aliowing i 1o absorb hersh punishment. Recommended for steam service up to 450°F;

8asy 10 88al; works with existing *Boss* Ground Joint Stems; Made in the USA. Fittings will be supplied with Polymer seats as stock is depleted
PLATED STEEL &/or lMALLEABLE IRON
. Wy Xt W K
Wing Kvt (333 Wing Not yp
=] E nfmv r Thresd ,] ! nea n’f"
i
= 4 @b
d -— i i
= GCoupling With
Female Spud Stom Wing Nut Female Spud Wale Spud Double Spud

Sizss | Part# | Price | part# | prics | P9} paty| price { PR | parrs | price | P | pan s Price | Part# | price
174 GF1 $2425 | GBA

GBC $10.50) 100 | GcuB §10.50

! 38" | GF3 22,25 | GCA Gee 11.00) 100 | GmC 10.50
) 1R | Grs 15.40 | GBY GB} 100 | GM3 1200 | Goss $28.00
a 4t | GF2e 21.85 | 686 GB8 50 | GMg 13.00 { GoB1a | 2315
1 GF35 22.20 | GB11 G813 £0 GM13 14.00 | GDBIS 23.15
l 11/4" } GF51 38.80 | GB16 G818 25 | GM18 30.00 | GoB23 42.00
t1/2° } GFet 37.05 | Gs21 G823 25 | GM23 28,30 | Gos23 40.00
I 2 GFay 43.80 | Ge2g GB28 10 | Gm2s 30.85 | GoB28 41.00
] 2172° ¥ GFp6 123.15 | GBIt GB33 R 5 GM33 80.00 § GOB33 80.00
+ 3 GEI11 13200 § 6836 6838 $1.00 GM38 85.00 | GDB33 90.00

4 GF141 | 292,00 | GB4s
s | emn 765,00 | G856
&' | arao1 675.00 | G856

GB4g 110.00
GBss 250,00
G868 400.00

. /-, 1/4%, 38", 5* & 6" come with Copper seal spuds. Copper seats are available in other sizes - consult the Factory for priging and availabifity,

- YALLL LR ALY ALLLRRL AL AR - ARSN AR AN SR S
- "Boss" Couplings And The Steam Quick Disconnects OonP.6
~ Are The Only Dixon Couplings Recommended For Steam Service
~ PlLlLitiluusaiag ARV RALL LY, SIY A AW ARL RN, ARLARN WY
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GATES RUBBER €0 Wuz D W 3330671 0007744 562 WA E./4-3]

hi 35496.000
Industrial Hos: March 30. 1992
: A N Supersedes 39496-000
Products/List Prices January 2, 1990
Steam Hose ' ZOOMB Steam Pile Driver
(Specification 3601)
1 . )

Nom. M| Nom. [Maximum Min. Bend | Wt Per Stock (X) List

.D. o.D. W.P, Suction Radius Ft Standard | or Minimum Gates Price

ftem No, ,(m (in) {psi) In. Hg) {in.) (Lbs.) Pack Order Qty. Prod. No. Per Ft.

303500 X 2 ) 295 \ 200 ) 10.0 250 3.43 50 tt 500 ft 3601-0410 | $48.433

303501 218 345 2 10.0 30.0 3.88 50 # 500 ft 3601-0420 68.209

303502 3 3.97 200 10.0 36.0 4.47 50# X 3601-0430 77.516

—>| 303503 {| 4 520 \[ 200 |7 100 48.0 7.47 50 ft X 3601-0440 | 125.354

SamMp to 200 PST and 388" F for pil: driver applications.

Scrvice life will beseyerely shortened if steam witheut lubricating oil is used. _
. 7 WA STEAM ONLY. i
TEMPERATURE: 1 Chcontinuous service.
- Pt I
CONSTRUCTION: Tube: Type A Black. t—"

+ Braxded high tensile steel wire. /
Cover: Type A((Neoprene) )Black. All sizes ure perforated.

COUPLINGS: [i4]or . Rel TE pages 130-141.
PACKAGING: 50" coiled in a carton.

BRANDING: Rubber patch label every 5-10 ft. Example; “62® 200MB Steam Pile Driver 200 PSI (1.38MPa) WP at
. 388 Degrees F Made In U.S.A. Caution: Tighten Clamps Befare Using.”

Q RECOMMENDED FOR:

SPECIAL ORDER
REQUIREMENTS: Special production runs require minimum order quantities of 500 fect per size.
REMNANT LENGTHS: Not Available.

Due 10 continual product improvements, Gates reserves the right to alter specs and prices without prior notice.

‘ 2. The world’s most rusted name in belts and hose.
i . o HINF-2474, Rev. 0
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STEEL BAR STOCK MALLEABLE IRON 316 STAINLESS STEEL BRASS
NeeXe | parta | Prica E’;? swo | pParts | prlcs | DOl Sizo | Fart# | Prico || Size | Party | Prico
W18 | MSIx2 500 | 25 vz ! AMSY $40.00
14 X 14 34 RMSE 47.00 |f a4 BMSS $13.50
147 x 38 1 AMS11 47.00 {1+ BMSTY 25.00
/8" x 14" 114 MS1S 11/4* | AMS18 105.00 11/4° § BMST6 00
28 x o8 T2t ms2y 112" | RMS21 105.00 13/2° | BMS21 42,00
g x 1 2 MS528 2 AMS28 110.00 || 2- B1526 58.00
172° x 174" 212"} MS31 2132 | RMS31 300.00
12 x 08 3 MS36 3 AmMs35 | 3%0.00 | 3 BMS36 | 145.00
12 x /2" 4 MS48
1728 x Y4
Y4 xire
¥4 x 4
Fhx 1
x4
M

Non-porous tubular steal for volatile materials Plated, Unplated,
Mala NPT End Beveled Eng

Size | Part# | Price | Part# | Price

00
2° LP28 24.08 LFPB25 | $28.00
3" £P36 | 80.00 {LPBIS| 82.00

wiag Nut Wiy nqt Wi Kot
é Tll'ni kPt 'T';:‘::‘ u'|” T:ul“ n"wi
Coupling With .
Female Spud Stem Wing Nut Female Spud Male § Double Spud Washer*
Sizes | Part # Prica | Part #] Prica | X9V part#| price | 29 | part#| Prics| P9 | part #] Price | parr#| price | part# | price
Qy Qy Qty
3/8° | WF3 $15.00| CA $3.30| 100 [or-] 38.00[ 100 [+ $8.30| 100 | WMC | $10.00 WBC | $.35
vz wrs | 1200] &1

82 375/ 100 | B3 400] 100 | wM3 | 10.00] 0B3 |sis.00| w2 35

§ wHs 11.50 | 0B13 | 18.00] Wtz 45
¥ ; wMi3 | 12.00] DB13 | 1800 | W12 | 45
25 | B1g | 18.00| 25 | WMI8 | 28.00 | DB23 | 27.00] Wi7 | .78
11/2° Ywrst | 35.00| B27 | 1280 25 | B17 25 | Ba3 | 1480 25 { whM23 | 2800] D823 | 2700 wir | 73
2* |WFe1 | 4300 B26 | 1250{ 10 | B27 10 | B2 | 1550 10 | wM28 | 82.00) oB28 | 3000] w2z | a8
B3z | 3.00| 5 B33 | 3400| 5 {wM33| 60.00] DB33 | 60.00) W32 | 110

Y4t | WFes | 19451 B¢
1° |WFSs | 19701 B17
11/4* [ Wrst | 3550f B16 12507 25 517

212" |wree | co.00| B31 | 30.0| S
3" WFI11]12400] B35 | 39.00! % 237 | 3sp0| 5 B3¢ | 50.00] 5 |wM3sgi soool oB28 | rr00l war | 110
4 1wriar[20200] B4 {105.00| 5 B47 | 9500] S 848 | 9200 5 W47 | 5254,
5 YWr1r1|738.00] 238 |340.00( 2 867 {1rs.0a| 2 BS3 122000| 2 wEr | s.2%
8 |Wr201le80.00} 866 |265.00( 2 BE7 |175.00f 2 868 22000 2 WE7 | 325

* Washer is Kiinger nylon, Nilrile bonded, Keviar relnforcad material,

HNF-2474, Rev. 0
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BOSS COUPLINGS

"BOSS” CLAMP
" Plated Shgpgsﬁgm Stalniess Steel
osa i .
1.0, Hose O.D, Mallzable Iron factory only. Shipped from factory enly. *
Size | From: To: Part# | Price | Qty | Part# | Price | Part# | Price {Torque
14 | 91s* 21132 BD - 83.95 | 100 . 8
a8 |1net | e ¢o :-3.85°] 100 6
o ) » st {1516 folo] 3857 100 6
G .‘5‘7; ,.O 2 | 1s8t | 1t B84 $13.00 | RB4 $90.00 1 12
g w2 |1wns |1yt 12
éﬁ%ﬁ ¥4 |1so2t | 1o 21
. G 4 1w | 1816" BBUS 18.00 | ABUY 99,00 | 21
Y4 jiatet |11 8589 18.00 | ABY gg.00 | 21
- 2-BOLTTYPE 4t 11 111/16" 21
120 fesme |11 3
T 113/32° | 1916 21
N 117732 | 12332 88U14 | 45.00 [ RBU14 | 126.00 [ 21
1 111716 | 115118 5814 43.00 | RB14 | 126,00 21
T 118/16" | 21/8" 21
114 | 1172 12532 40
11/4* | 111718* | 1708 21
11/4* | 125/32" | 2332 40
114 | 17780 21/18° 21
114 |25 238" B819 49,00 [ AB19 | 128.00| 40
11/2° | 111t | 2 40
Rz -4 27/32" 40
112 |2 218 21
1120 1216 | 21/4" 40
112" jeame | 238" BBU24 | 90.00 | RBU2¢ | 135.00 ] 40
4-BOLT TYPE 1z 2 2 2{1?’ B824 90.00 | RB24 | 135.00 2
: [ [t &
RIPPING FINGERS > SO oA 0
-4 21182 | 2178 60
-4 2t 28/4* &
z 212 225/32° 58U29 | 80.00 | RBU29 | 200.00 ] 60
z 238" 3118° 5829 £0.00 | RB29 | 200.00{ 60
z 234" 3 1/16° 60
z 33/32" | 37/16" 60
212 |38 | 312" 5 60
21/2" | 3332 | 37118° s 80
21/ | 312t 315/16" 5 150
3 312 334 5 - . 60
3 312 3185/16° 5 150
3 334" G 5 150
3 3116 | 41116 5 150
T 5 4316 4 200
4.80LT TYPE I 41/16" | 478" 5 200
*4 GRIPPING FINGERS 3 4316° | 412" 2 200
Plated
Hose 0.D. Malleable iron
From: To: Part # Price | Qty {Torque’™ * 4 Gripping Fingers
41/4* 413/16* | BS39 | $130.00 | 2 150 *"Recommended torque
458" | 5 B4S 140,00 | 2 150 rating in FT. LBS,
47/8" | 514 8S49 | 18000 2 | 200 (for malleable Iron &
5 /4" 519/32* | BU4Y 200.00 ] 2 200 stainisss steel clamps only)
517/32* | 515/16° | B9 20000 | 2 200 N
& lev 788 750 240,00 ] 1 200 K
;gg&?&gg e {7/ 8 - | 850 240.00{ 1 200

HNF-2474, Rev.
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GATES RUBBER CO SOE D> e 3330L71 gon7805 °T3
* WC 39496-000
“Industrial Hose ' March 30, 1992

. . : Supersedes 39496-000
'\» Products/List Prices January 2, 1990

How To Use The Coupling Section
Couplings are designated by Block Numbers, and are déscribed as 10 construction and
source. Adapters and fitings are available for special applications.
Each coupling has a pressure rating of Low, Medium or High. These terms have a general
meaning as lotlows:

Coupling ratings apply only where the recomimended clumips or bands are used. Use this

information as a guide since different tube stocks atfect coupling ratension.

Common shank couplings or nipples with bands or clamps should be uscd only on straight

or plain end water or material handling hoses up to the following rated working pressures:
e : X

N e AL AT o i

T S

AT ID

) 2.3"1D.— 100psi 61D. - S0psi
471D, — 75 psi §7 1D, — 40 psi
571.D. — 60 psi 107 1.D. — 30 psi

‘ ' Listed are all of the clamps, bands and ferrules used to secure the couplings to the hose. The
proper clamp size should be selected carefully, since many clamps will fit only one hose
size or a narrow range of sizes.

For centain critical fluids, specific couplings are used. as follows:
Critical Applications

1. Use only the couplings recommended in this catzlog for conveying:
Steam
LPGas
Corrosive Chemicals
— Petroleum Products

)

For as
e, OF . ;

3. For conveying flammable fluids, 056 couplings made of nonsparking materials, such
as brass or aluminum.

high temperature application, use only interlocking type couplings— 3

4. For ground fueling of aircraft, use certified coupled assemblies only.
£

T e e
.
R H I S A

A, 1f more than one coupling is recommended. make a [inal selection for type of coupling
on basis of cost, sizes available, thread type available and application.

B. Determine how the coupling is to he fastened w the hese-—ferrule, band or clamp.

1
‘ Due 10 continual product improvemenis, Gutes reserves the right 10 alier spees and prices without prior notice.
Page 130 &2».  The Gates Rubber Company
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Coupling Instaliation

Before making any hose assembly, check over these general instructions and precautions:

w

o

Square Ends—Before attaching a coupling to the hose, make sure the end is cut
square. This will help prevent leakage of the coupling.

Proper Fit of Ferrules and Clamps—This is important. Make surc you are using
the correct sizes for the hose being coupled. Never buff the cover, except when
specificd for certain hydraulic hose couplings, and you should not enlarge the hose
tube in any way to make the coupting insert fit. Occusionally, u nipple pusher 100l will
be helpful in pushing the insert into the hose.

Installation Lubricants—Use of lubricants on coupling 'inseris und ferrules will
simplify coupling installation and reduce possibility of damage to the hose. Some
lubricanis to use are water, sozp solution or lactol. Or. you can use a solution of glycerin
and alcohol made up of one (I) part glycerin and 15 parts wood alcohol by volume.

iApp'car.ance of th‘c Hose Assembly—A properly installed coupling significandy

improves customer acceptance of the product. It also provides added assurance of
satisfactory service and safety of assembly.

Seal the Ends—Where the hose is intended for use in petroleum transfer applications
and hose ends will be exposed after couplings arc arached. apply a sufficient amount
of quality Neoprene cement or shellac to seal the ends. :

Critical Applications.

() Use only the couplings recommended on puges 134-140 for conveying:

+ Steam, +  Pewoleum Products
+ LPGas »  Edible Products

* Corusive Chemicals

&) Forany emperature applications, use‘only interlocking type couplings—

[1] or

For conveying flanmumable fluids, use couplings made of nonsparking materials;
i.e., brass or aluminum.

{

pea

(d) For aircraft ground fueling huse, use factory coupled assemblies only.

Due to continual product improvements, Gates reserves the right to alter specs and prices without prior notice.

IGRTES RUBBER CO

€2, The world’s most trusted name in belts and hose.
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Couplings for
[} Long Shank T o

Description: Cast brass, serrated shank, set has hex male and hex
swivel female couplings, with a washer seal. Threads are GHT or NPSM.
Sources: Dixon Valve & Coupling Co.

John W. Moon, Inc.

H.8. Sherman Mig: Co.

Seal-Fast Bobo, inc.

Lightweight Water Hose

Description: Spun of wrought brass serrated shank, round swivel
female and solid male, both GHT, wasner seal.
Sources: American Coupling Co. -

L.R. Nelson Corp.

H.B. Sherman Mig. Co.

[3) Cast Brass Short Shank

Description: Castbrass, serrated shank, hex swivel female with washer,
solid male, GHT threads, ¥e-11%2.
Sources: J.C.Gadd Go.

John W. Moon, Inc.

H.B. Sherman Mig. Co.

Seal-Fast Bobo, Inc.

Stayput Clamp & Coupling Co.

[@} Machined Brass Short Shank

Description: Machined brass, serrated shank. Each set has round
swives lemale and sofid male, GHT, washex seal. Octagon nut male and
female.
Sources: American Coupling Co.
Anchor-Lenz Div.
Royal Brass, Inc.

H.B. Sherman Mig. Co.

[5] Brass Pin-tug -

Description: Cast brass shank and swivel, shank is serrated. NPSM
threads in female and male, with washer seal. Sizes under 3” have iugs
on female only.
Sources: John W. ioon, Inc,

Dixon Valve & Coupling Co.

[&! Malieable iron Pin Lug

Description: Malleable iron shank and svivel with serrated shank,
cadmium plated. NPSM threads in male and female, washer seal. Pin
Jugs on female only.
Sources: Dixon Valve & Coupling Co.

H.B. Sherman Mig. Co.

Seal-Fast Bobs, Inc.

Due to continual

E-id -4l-07
£ -14-4(-29
E-1-41- 1y

Gates Hoses
[71 Combination Nipple

Victaulic Nipple

Description: Swaged sieal with scored or serrated shank, NPT ihreads
same nominal size as 1.0. of hose. Special plastic materials availzble.
Sources: Band-it
Dixon Valve & Coupling Co.
Marin Brass Works, Inc.
Screw Maching Products Co.
Seal-Fast Bobo,Inc.
Stayput Clamp & Coupling Co.

Tri-Lokt

Description: Machined steel insert, male NPT threads only. Held in
place with sleel yoke anc Band-1t Jr. clamps. Inser: is reuszble—can be
reinstalled with new yoke and clamps.

Source: Band-it

[0} Single or Double Bolt Malleable Iron Clamp

Description: Cast maileable iron, cadmium plaled.
Source: Dixon Valve & Coupling Co. - 3"

57\
o

Description: Malieable i-on swivel. Inserts and spud may be either steet
or malleable iron. All pa s are cadmium plated. Male and female threads
both NPT wilh same nominal size as hose 1.O. Ground joint between
spud and lemale insent. Available with 2- and 4-bolt clamps.
Sources: Dixon Valve & Coupling Co.

Seal-Fast Bobo, Inc.

[35) Interlocking, Washer Joint

Description: Mallcatie iron swivel. Insert and spud may be either
malieable iron or steel. Ali parts are cadmium plated. Fernale thread in
spud is NPT with same nominal size as hose 1.D. Washer joint between
insert and spud. Availadle with 2- and 4-boli clamps.

Source: Dixon Valve & Coupling Co.

product improvements, Gates reserves the right 1o alter specs and prices without prior notice.
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BOSS COUPLINGS

. Plated
1’ chge Hoss O.0. Malleable Iron
’ Size { Fron: To: Part # | Price
174" 818" 21732 BD $3 95
38 16" 78" [e/o]
172 318" 15/16° DD

12" 15/16" 116" B4
12 11/18" 1316 85
4t 18/82" 19/32° BUSS
{4 116" 18/16" BUS
/4" 15/18" 112" 89

4 112 11116 | 810
1 28/32° 11/32° 968
1 113/32° | 19M16° 156
1 117/32" | 123/32% | BUIS

\ 1" V18" 1 11518 | B14

’ T 11846 | 2 18° B15
114 Y1 125/32° | BUIS
14 | 1137180 | 1 gt 187*

1144 | 125/22" | 2812 BUIS
1348 s 216" 206
114 [ 218" 238 B19

1127 113318 | 2 © | BUzz
118 | & prircrat Bz
112 |2 2148 212¢

132 1 21inet 23/4" 225°
12t | 2318 233" BU24

4-BOLT TYPE ! ‘2" 23/’8; Sg’e' g;’;

112 [ 291167 4*

2GRIPPING FINGERS | 112" | 2908 | 23n7 | 825
g ey iz EU23
z  |ew 275
2 2wz |22s02 | Buze
2 2y (svist | Bis
z  |zae |3ve | o6
2 iswe |3wie | B30
2127 13118 {3u2 | 350+ | 2500
212 15302 | 378 | BUse | 40.00

§

312 3158/6" | 834 40.00
g2 334" 3735 35.50

32 318716 | BU3S 63.00
324" 4 401+ §7.00
31316 | 4 1/16" B35 45,00
& 43he" 418* 76.50

4-BOLT TYPE
"4 GRIPPING FINGERS

4 1/16° 4718 839 70.00
4 316" 412" 450 70.00

QRUERYLRGY P

Hose ) Plated
LD. Hose 0.0, Malleable Iron - - ]
Size | From: To: Part# | Price | Qty iTorque*® * 4 Gripping Fingers
3 414 413/16° | 8839 | $130.00 | 2'- 150 "Recommencedlorque
4t e g/gt Bl B45 14000 0 20 F 150 rating in FT, LBS
47|47 ERICY BS4. 190,00} 2 200 - (for malleablelifon &
—4 1514 | 519m2 @ 260.00 | 2] 200 stainless stee] amps only)
4" |517/52" | 545016 | 54 200.00 | 2:7 200 :
8" {678 7 378° 750 240,00 phms. B
THREE-PIECE ) i A
6-BOLT TYPE 6 |71z & 850 240,005 zc:
Vv
' —— gl [L{”; #PAGES OATE ‘
— w14 (47 e Coather
FRW - AMERICAN HOSE &FHTINGS 5
PHE (208) 872:8080 | FAYS (206) 695 3410

. HNF-2474, Rev. 0 . " ) -
1 Page D-133 oL SOLLIS-3S0H-NE01E3WY WOYS  28:ST sesr —-9G-Nr
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A Compression Springs

Materiai

Music wire

ASTM-A228 or AMS 5112
Stainless steel

Commercial Type 302, ASTM-A313 or

AMS 5688 spring temper. (chemical & physical only)
No charge for certificate of compliance when requested;
certificateof chemical analysis available, see price book.
Music wire will be furnished unless stainless steel is
specified. When inquiring or ordering, use letter “M" or
letter “S™ as suffix on catalog numbers to designate music
wire or stainless steel wire, respectively.
Music wire springs are not recommended for applications
where the temperature exceeds 250 deg F (121 deg C).
Stainless steel springs are not recommended for applica-
g?ns where the temperature exceeds 500 deg F (260 deg

Direction of Helix
Right hand.

Ends

ngared and ground. Ends to be square within 3° with axis

0.D. sizes 0.057-0.088 in (1.45-2.24 mm) squared ends
not ground. ) :

_ Free length L is for reference use only. Load P is attained
at length L. For stainless steel multiply P by 0.833.
Load values shown are for music wire.

AP IEG A I Tai f A OO T A TEG SO TR

HNF-2474, Rev. 0
Page D-134

J-25-05

Stock sizes in
music wire and
stainiess stsel

Associated Spring offers a broad variet¥ of helical com-
pression springs in the SPEC selection. They are reliable,
inexpensive and efficient — the right combination for
general-purpose use throughout industry.

For normal service, springs should not be compressed
below Li.

To determine load P at any fength other than L., multiply
the proposed deflection by the rate R. *[P + (L-Lx) x R]
When stainless steel is used the value for rate R must
be corrected by multiplying R by 0.833.

.
gl

Finishes
Standard finish is that of the normal wire. Shot-peened and

plated finishes furnished on request. Alfow sufficient
additional time for special finishes.

Tolerances

0.D. (English)
0.057 16 0.118in = 0.003 in

0.D. (Metric)

0.241 10 0.500 in = 0.008 in to 12.70 mm = 0.20 mm
0.501 10 1.000 in = 0.015in 12.73 10 25.40 mm = 0.38 mm
1.001 t0 1.225 in = 0.020 in 25.43 to0 31.12 mm = 0.51 mm
1.226 0 1.460 in = 0.030 in 31.14 t0 37.08 mm = 0.76 mm
1.461 10 2.000 in = 0.040 in 37.11 to 50.80 mm = 1.02 mm
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STOCK COMPRESSION SPRINGS e s Associsted Spring
Music Wire and Stainless Steel SPEG Raymond/\ BARteS
Outside Wire Free Length Load, P Length, Solid Height, Spring Rate,
O Diameter Diameter L, Approx. at L, L, Approx. R
BER in mm in mm in mm bt Nt in mm in mm | 1bfint |Nimm?
C0600-063-2000 2.00 | 50.80 1.059 | 26.90 } 0.700 | 17.78 18.0 | 3.15
C0600-063-2250 2.25 | 57.15 . 30.07 | 0.768 | 19.51 159 1 278
C0600-063-2500 0.063 | 1.60 2.50 63.50 | 18.00 | 80.07 | 1.308 | 33.22 | 0.836 | 21.23 142 | 249
C0600-063-2750 275 | 69.85 1.433 | 3640 | 0863 | 2292 | 137 | 2.40
C0600-063-3000 3.00 76.20 1.558 | 39.57 | 0.927 | 23.55 125 | 219
C0600-063-3500 3.50 { 88.90 1.807 | 4590 | 1.055 | 26.80 10.6 | 1.856
C0600-067-0625 062 | 1575 0.360 9.14 | 0.300 7.62 | 80.0 (14.01
C0600-067-0750 0.75 | 19.05 0.430 | 10.92 { 0.338 8.53 | 66.0 |11.56
C0600-067-0880 0.88 | 22.35 0455 1 11.56 1 0401 { 10.19 | 500 | 876
C0600-067-1000 1.00 | 2540 0.530 | 13.46 | 0430 | 10.92 | 450 | 7.88
C0600-067-1250 1.25 | 31.76 0.665 | 16.89 | 0.505 36.0 | 6.30
C0600-067-1500 0.067 1.70 150 { 3810 | 21.00 93,411 0.780 | 19.81 | 0.594 | 1509 | 29.0 | 508
C0600-067-1750 175 | 44.45 0.830 | 21.08 | 0.715 | 1816 | 23.0 | 4.03
C0600-067-2000 2.00 | 50.80 1.106 | 28.09 | 0.771 | 19.58 | 225 | 3.94
C0600-067-2250 225 | 57.15 1.236 | 31.39 | 0.847 | 21.51 19.8 | 347
C0600-067-2500 250 | 63.50 1.366 | 3470 | 0.923 | 2344 17.7 | 3.10
C0600-067-2750 2.75 | 69.85 1496 | 38.00 | 0.966 | 24.54 167 | 2.92
C0600-067-3000 3.00 76.20 1.626 | 41.30 | 1.040 | 26.42 153 | 2.68
€0600-072-0620 0.62 | 1575 0.405 1 10.29 | 0.381 9.68 (1145 120.05
C0600-072-0750 0.75 | 19.05 0445 | 11.30 } 0.396 | 10.06 13.66
C o 0.88 | 2235 0.520 | 18.21 | 0.433 | 11.00 | 68.0 |11.91
o . 1.00 | 2540 0.565 | 14.35 ] 0.502 |.12.75 } 55.0 | 9.63
C0600-072-1250 | 1.25 | 3175 0.710 | 18.03 | 0.581 | 14.76 | 45.0 | 7.88
C0600-072-1500 0072 | 183 1.50 | 3810 | 24.00 | 106.76 | 0.830 | 21.08 { 0.681 j 17.55 | 36.0 | 6.30
€0600-072-1750 175 | 4445 0.950 | 24,13 | 0.801 | 20.35 | 30.0 | 525
C0600-072-2000 2.00 | 50.80 1.140 | 28.96 | 0.848 | 21.54 | 28.0 | 4.90
€0800-072-2250 225 | 57.15 1.301 | 33.05 } 0.946 | 24.03 | 259 | 4.5¢
COEL0-672-2800 2.50 63.50 1.438 { 36.53 | 1.033 | 26.2¢4 28.1 4.05
€0600-072-2750 275 | 69.85 1601 { 4067 | 1.119 | 2842 | 209 | 3.66
C0800-072-3020 | 0.600 | 15.2¢4 3.00 76.20 1.742 25 | 1.208 | 30.63 19.1 | 3.3¢
€0600-081-0620 0.62 15.75 0.466 0412 | 10.46 | 2126 [37.23
€0600-081-0750 0.76 19.05 0.553 | 14.05 | 0459 | 11.66 |165.6 ]29.00
C0600-081-0880 0.88 | 22.35 0.639 | 16.23 | 0.507 | 12.88 | 1356 }23.74
C0600-081-1000 1.00 25.40 0.719 | 18.26 | 0.552 | 14.02 {1162 [20.35
C0600-081-1250 1.25 31.75 0885 | 22,48 | 0.644 | 16.36 } 895 [1567
C0600-081-1500 1.50 | 38.10 1.051 | 26.70 | 0.736 | 18.69 | 72.8 {1275
€0600-081-1750 175 | 4445 1217 | 30.91 | 0.828 | 21.03 | 61.3 {10.73
€0600-081.2000 2.00 | 50.80 1.383 | 35.13 | 0.920 | 23.37 | 53.0 | 9.28
C€0600-081-2250 0.081 2.06 225 | §7.15 | 32,69 [145.41 ] 1.549 | 39.34 | 1.012 | 2570 | 466 | 816
C0600-081-2500 250 | 63.50 1715 | 43.56 [-1.104 {-28.04 | 41.7 7.30
€0600-081-2750 2.75 | 6! 1.881 | 47.78 | 1.196 | 30.38 | 37.6 | 6.58
€0600-081-3000 3.00 | 76.20 2047 | 51.99 | 1.288 | 32.72 | 34.3 | 6.01
C0600-081-3250 325 | 82.55 2213 | 56.21 | 1.380 | 3505 | 315 | 552
C0600-081-3500 3.50 | 83.90 2.379 | 60.43 | 1472 | 37.39 | 292 | 511
C0600-081-3750 375 | 8525 2545 | 64.64 | 1.564 | 39.73 | 271 | 4.75
C0600-081-4000 4.00 |101.60 2.711 | 68.86 | 1.656 | 42.06 | 254 | 445
€0600-085-0620 0.62 15.75 0477 | 12.12 | 0433 | 11.00 {2625 (4596
C0600-085-0750 0.75 19.05 0.565 | 14.35 | 0.484 | 12.29 |203.6 [35.65
€0600-085-08380 0.88 | 22.35 0.654 | 16.61 | 0.536 | 13.6] {166.4 |29.14
€0600-085-1000 1.00 | 2540 0.736 | 18.69 | 0.583 | 1487 |142.3 }24.92
C0600-085-1250 1.25 | 3175 0.906 | 23.0I | 0.682 | 17.32 |109.4 [I19.16
C0600-085-1500 1.50 | 3810 1.076 | 27.33 | 0.781 | 19.84 | 888 [1555
C0600-085-1750 175 | 4446 1.247 | 31.67 | 0.880 | 2235 | 74.8 [13.10
C0600-085-2000 2.00 | 50.80. 1417 | 3599 | 0.978 | 24.84 | 64.5 |11.29
C0600-085-2250 0.085 | 2.16 225 | 5715 | 37.62 |167.33 | 1.588 | 40.34 ) 1.077 | 27.36 | 56.8 | 9.95
C0600-085-2500 2.50 | 63.50 1.758 | 44.65 | 1.176 | 29.87 | 50.7 | 8.88
C0600-085-2750 2.75 69.85 1.928 | 4897 | 1.275 | 3239 | 45.8 | 8.02
C0600-085-3000 3.00 76.20 2.099 | 53.31 | 1.374 | 3490 | 41.7 | 7.30
€0600-085-3250 325 | 82.55 2,269 | 57.63 | 1473 | 3741 | 383 | 6.71
C0600-085-3500 3.50 2.439 | 61.95 | 1.5672 | 39.93 | 355 | 6.22
C0600-085-3750 3.75 | 9525 2.610 | 66.29 | 1.670 | 4242 | 33.0 | 5.78
£0600-085-4000 4.00 1101.60 2.780 | 70.61 | 1.769 | 44.93 | 30.8 | 539
€0600-092-0750 0.75 19.05 0.591 | 16.01 | 0.524 | 13.31 |291.5 |51.04
C0600-092-0880 0.092 | 234 0.88 | 22.35 | 46.46 {20665 | 0.684 | 17.37 | 0.581 | 14.76 {2370 [41.50
C0600-092-1000 . . 1.00 | 2540 0.770 | 19.56 | 0.633 | 16.08 }202.2 |3541

tFor stainless steel, multiply values by 0.833.
*When inquiring or ordering, use letter “‘M"’ or letter ‘S’ as suftix on log bers to
i teel wire, respectively.

L e a1 a Ay & TR Tt
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SWIVEL JOINTS
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-PERFORMANCE

SEALED
BALL BEARING
UNIT

QUALITY
BEARING
DESIGN

RUGGED STANDARD
OUTBOARD PACKING
BEARING THROUGHOUT
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COMPLETE UNION ASSEMBLY
Repack anywhere, anytime, without handling ball bearings, even when welded into the line, Re-
duces service and maintenance to an absolute minimum.

PACKING TAKE -UP

Chevron packing compensates for normal wear, varying temperatures, extremely volatile
materials. Extends packing life as much as 400 ¢,

NO-LEAK PERFORMANCE

Superior engineering design enable guaranteed, no-leak performance from gases to acids 10
drilling cement.

SEALED BALL BEARING UNIT :
Factory assembled rotating unit sealed from outside contaminants and line fluids by “o” rings.
Lubricants are sealed in and foreign matter sealed out. Reduces maintenance costs by elimi-
nating daily lubrication, Quality design will cut costs, extend life of joints.

QUALITY BEARING DESIGN .
The finest alloy steels used in manufacture of T-M Joints. Through hardened ball races in
6000 and 15,000 stee! series couplsd with hardencd chrome alloy ste2! balls essure longer
life, lower maintenance costs and fewer replacements.

RUGGED OUTBOARD BEARING
‘The packing backup ring acts as a solid bearing during severe or shock loads. Protects the ball
races from brinnelling. Eliminates misalignment leaks. Guarantees top performance under all

_..conditions.

STANDARD PACKING THROUGHOUT

No special packing worries with T-M. Packing for all services is available in standard sizes and
materials.

HNF-2474, Rev. 0
T-M MANUFRCTURING CO Page D-138
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STYLES

No. 100
STRAIGHT SINGLE SWIVEL

ips

No. 200
ELL SINGLE SWIVEL

ah

No. 300
2 ELL SINGLE SWIVEL

i

\ Ell DOUmW:YEL

e

MATERIALS

125 PSI Aluminum Alloy
Color Code: Aluminum

1000 PSI Steel
Color Code: Blue

6000 PSI Steel
Color Code: Red

15,000 PSI Steel
Color Code: Yeliow

SWIVEL JOINTS

125 PS1 Type 316 Stainless Steel

Color Code: #316

. Special Alloys

Color Code by Typ=

PSI = Maximum Working Pressure

TEMPERATURES

225° Hycar Packing
450° Aramid Fiber
550° Aramid Fiber
300° Teflon

400° Viton

SIZES

3/s” ~Thru 16” Pipe Size
Larger on request

END CONRNECTIONS

Threaded Ends (TE) (Female)
Beveled for Weld (BV) (Beveled)
Bored for Weld (BR) (Bored)
Flanged

Special ~--On Order

SPECIAL ORDERS

‘We will be pleased to submit prices on your special requirements. Manufactured on

Order.

No. 500
2 EtL DOUBLE SWIVEL

No. 600
3 £14 DOUBLE SWIVEL

No. 700
2 ELL TRIPLE SWIVEL

5. 800
3 ELL YRIPLE SWiVEL

T-M MANUFACTURING CO

HNF-2474, Rev. 0
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THREADED AND BORED FOR WELDING

SIZES B c B E & K M R | P R v SIZE
&% | 3 2 3% 1% W 2 3 3% 3% 3% 3% Y&z
%&1 | av 2% 4% 2% 1% 2% 4% 4% 4% 5 373 Ykt

% 4% 2% 4% 2% 2% 3% 4% 4% 5% 5 5% 1%
V2 5% 3 6 3% 2% 3% 6 5% 5% 5% | % 1%
2 6% 32 6% 274 3% 4% 6% 6 6% 7% 6% 2
2% 6% 4 % 4 3% 5% 6% 6% 6% 8% 6% 2V
3 7% 4% 9% 4V 278 5% 8% 4 s | 10% 7 3
4 8% 5% | 10% 52 5% % 10% 9% 8% | 11v2 8% 4

All dimensions given in inches =l/g”

For sizes largor than 4” refor 4o
section on fabricated joints,

HNF-2474, Rev. 0
Page D-140
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T=M ' FLANGED (SERIES 15)

SWIVEL JOINTS

e
STYLE 100

STYLE 500 STYLE 600 STYLE 700 STYLE 800
JOINT DIMENSIONS FLANGE DIMENSIONS
No. Belt

SZES | B c b £ M N P R Y Halss BC H Size 0 Q X SKZES
2 6% 14 6% | 4% | 6% |.6% | 7% | T% | 6% 4 4% % % 6 % ] 3% 2
2% | Ve | 4% | 7% { 4% | 678 7 8% | 8% |7 4 %2 | % % 7 % | 4% 22
3 8% | 5% | 9% | 4% | 8% | 7% | 8% |10% | 7% 4 6 % % R AR ER] 3
4 9% | 6% 110% | 6% |10% (10 10% [11%; | 9% 8 %2 % % 9 W, | 6 4

Al dimensions given in inches =1/p*

For sizes larger than 4% refer to
section on fabricated joints.

For dimensions of other series flanged
joints consult factory,

HNF-2474, Rev. 0
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FABRICATED

sTrLe |00 styie 200

stre 800 sryie 600
sTyLe 700

DI MENSI ON s
SEs |8 (¢ |0 {E JTe [K [ W[N] 0] P & TV Tsos

oo ] 13% | 6 9% | 6 — 1 %% | 19% | 13| — | 1% | 13% ]
Euég 8 i 8 4% | 8 — |12 4% [ 18 — 7% | 4% | 16

1 g 10 18 10 8% | 10 — |14 28% | 18 — | 7% | 28% | 18 10

12 20 12 ) 324 12 — |18 32% | 20 — 7% | 2% | 20 12

8 16 8% | 19 8% | 7% | 9% | 19% | 6% | — 12% | 19% | 16% [}

fp 8 19 11 4% | 11 9 |12 28% |19 — 3% | 4% | 19 8

- [ 7% ] 9% | 19% | 9% | — [ 9% | 15% | 17 11 % | 19% | 7% 8

§§ 8 0V | 12% | 4% | 12% | — [12 4% | 20% | 13% | 16% | 24w | 20% 8

=% 10 22 { 14% | 8% | 1% | — [14 28% | 22% | 16 6% | 28% | 2% 10

- 12 204% 1 16% | 3% j16% | — |16 2% | 24% | 19 7% | 2% | 8% 12

All dimensions given in inches 213"

For dimensions of other series
flanged joints comsult factory.
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T=A  REPLACEMENT PARTS
} SWIVEL JOINTS

Part 1 Port 2 Port 3 Part 4
STRAIGHT SWIVEL NIPPLE HOLDING NUT STRAIGHT ONE SWIVEL ELL SWIVEL NIPPLE
300Y
Pon 5 - . Port 6 Port 7
ELL TWO SWIVEL 3ODY ELL ONE SWIVEL 8ODY ELL TWO SWIVEL NIPPLE ) ACCESSORIES:
Ball Bearings
Lock Bor
O-Ring = V-Ring
2 < Adoprees (Upper ond
z k 4 Counterbalonce Lug
designoted by "X* Ytrer
port numbar.

SERVICING

(1) T-M Swivel Joints are greased at the factory and require only occasional greasing unless
joint is in constant rotation or high temperature service. When greasing, remove slotted
plug on outside of body, and insert alemite fitting,

(2) Provision hasbeenmadefor take-uponthe packing. After packing wears, remove lock bar,
turn nut clockwise to next locking slot and reinstall lock bar. Process may be repeated un-
til packing has worn too badly to effect seal.

REPACKING

(1) Remove lock bar.

(2) Remove nut and nipple assembly from body by turning nut counter clockwise.

(3) Remove back-up ring from body.

(4) Remove 2 packing rings.

(5) Remove male adaptor.

(6) Clean packing chamber and reinstall (1) male adaptor (2) new packing and (3) back-up ring.
Grease all parts thoroughly.

(7) Insert nut and nipple assembly in body and reassemble. Rotate nipple occasionally as the
nipple passes through the packing.

(8) Screw nut clockwise until compression on packing causes nipple to rotate with a mild
amount of torque,

(9) You do not need to handle the balls or disagsemble the nut and nipple to repack the T-M
Swivel Joint.

% :
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=M LOADING RACKS
SWIVEL JOINTS

P - -

>
S—STYLE 500 X4 STYLE 300
i

S-STYLE 300

T STYLE 200

STYLE 200

+_,__.

T-M Swivel Joints assembled into the 4 basic tank car and tank truck designs will enable you to transfer your product with
economy and safety. :

Even when welded into the line M Swivel Joints can be taken up to compensate for packing wear or separated for
repacking. Overhung loads do not cause leaks on T-M loading arms due to the rugged design.

Furnished in aluminum, steel and stainless steel and packed to fit your individual requirements. Other designs on
© request.

COUNTER BALANCE DESIGN

Since counterbalance design necessarily varies with each installation, we have shown no standard design.

Please consult the factory for prices and furnish the following information (1) Clearance restrictions and
(2) Overhung loading.

_ HNF-2474, Rev. 0
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E-21-18

PACKING AND COMPONENT PARTS

SWIVEL JOINT SIZE |3/8" &|3/4 &|1 1741 172+ 2+ f2w2 3+ | a | & | & |10 | 10
Ve | 1e
SIZE 6225 _
cHEVRON. packmg| <20 | 28 | 20 [ -32 | -3s | -aa | -a9 | 54 | <63 ] -s8 | 72 | -78
5229
MALTEE S R 20 | -28 | -30 | -32 | -39 | -4a | -a0 | -54 | 63 | -68 | -712 | -7
D
FEMALEBOAFTOR | 50-8 | 100-8{ 125-8 | 150-8 | 200-8 | 250-8 | 300-8 |400-8 [600-8 [ 800-8 [1000-8 1200-8
-s%.g:g;z.z;z}\'nbllszso 7-15 | 7-25 | 0-01 | 0-03 | 0-09 | 0-14 | 0-18 | 0-28 | 0-40 {30-47] 7-71 ] 7-8:1
~SIZE 6227 AND 6230
o Rt a/n 2 7-19 | 0-01 | 0-03 | 0-05 | 0-11 | 0-16 | 0-20 | 0-30 | 0-41 |30-49| 7-79 | 7-83
BALL SIZE 3/16) 1/4 | 374 | 5/16( 5/16 | 3/8 | 3/8 | /16| 9/16 | 9/16 | 9/156 | 9/16
NUMBER OF BALLS '
PER ROTATING 32 | a0 | 46 | a2 | s6 | se | es | 74 | 8o | 104 | 126 | 148
ELEMENT
IZE D .
ek DA I N 1/a | wa | | 3s | s | as fas as vz |2 Lz |
SIZE DESIGNATION -
BALT PLUGS 1/4 | s/16 | s/a6 | ss8 | 3/8 | /18] 7716 | 172 | 578 | s/8 | s/ | sss

* ALL "O" RINGS PRECEDED BY 7 INDICATES 6227 SERIES; PRECEDED BY O INDICATES 6230 SERIES.

— STANDARD AND OPTIONAL MATERIALS -

CHEVRON PACKING FEMALE ADAPTOR
Standard Hycar: To 225°F working temperature Standard Steel: To 550°F working temperature
Optional Teflon: To + 300°F Acid Services Optional Aluminum: Acid and corrosive services
Optional Aramid Fiber: To 450°F working temp. Optional Stainless Steel: Alloy to suit application
Optional Aramid Fiber: To 550°F working temp. .
Optional Viton: To 400°F working temperature ALL O’ RINGS

| Standard Buna-N: To 225°F working temperature
MALE ADAPTOR Optional Teflon: Acid Services
Standard Buna N: To 225°F working temperature Optional Silicon: To 450°F working temperature
Optional Aluminum: Acid and corrosive services - Optional Viton: To 450°F working temperature

Optional Teflon: Acid Services
Optional Stainless Steel: Alloy to suit application
Optional Hi-Temp: To 550°F working temperature

HNF-2474, Rev. 0
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