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ROLLOVER ANALYSIS OF ROTARY MODE CORE SAMPLER TRUCK #2
1.0 INTRODUCTION

This report documents a rollover analysis to estimate a limiting speed
for the rotary mode core sampler truck (RMCST) number 2 on most paved Hanford
roadways. The analysis also estimates the minimum turning radius of curvature
for vehicle turnover for three different bank angles at selected speeds. In
addition, the analysis addresses the rollover stability for the truck on the
jacks, if the jacks are not actuated simultaneously.

The analysis used the transportation loading requirements defined by the
Fast Flux Test Facility (FFTF) (WEC 1972). These loads were used in the
analysis of the grapple hoist mounting support assembly of truck #2
(WHC 1993). '

‘The analysis to estimate a speéd 1imit for the RMCST appears in
Appendix A. Appendix B contains the minimum radius of curvature for vehicle
turnover. Appendix C presents the rollover stability of the truck on the
Jjacks.

2.0 CONCLUSIONS AND RECOMMENDATIONS

Results of the analysis indicate that a maximum speed of 15 mi/h is
acceptable on most paved Hanford roadways. However, safe vehicle speeds vary
with road curvature, road conditions, and weather conditions. Driver
judgement should be the major safeguard against vehicle rollover.

The transportation acceleration loads at 15 mi/h speed were estimated to
be 0.42 g longitudinal, 0.37 g lateral and 0.18 g vertical.

The minimum radius of curvature for vehicle turn over is given in Table 1
for three different bank angles at three selected speeds and including Tateral
acceleration of 0.37 g.

The truck will not roll over if the jacks are ndt actuated -
simultaneously.

It is difficult to recommend a safe maximum vehicle speed during off-road -
use because of the uncertainties about the terrain conditions the vehicle will
encounter. The vehicle should be operated at a slower speeds during off-road
use, as determined by the particular roadway. To suggest a safe maximum speed
might give the driver a false sense of security. There is no substitute for
the driver's own judgement under rough off-road conditions.

Actual measurements should be obtained for the transportation
accelerations of the truck on Hanford off-roads. The actual accelerations
should be used in the dynamic analysis of the truck components instead of the
estimated values.
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3.0 CONFIGURATION AND LOADS

Figure 1 shows the overall configuration of the truck and the primary
dimensions relevant to the rollover analysis.

Table 1 shows the weight distributions of all items including the Ford
chassis on RMCST #2 (WHC 1994a). The reference point for these items is the
center of the rotating platform in the x-y direction (+ x toward cab,

+ y toward driver's side) and the top of the truck chassis in the z direction.
The configuration in Table 1 assumes the drill rig to be centered on the
rotating platform and the shielded receiver to be in the Towered position.

The truck will be subjected to its own weight plus all the components
mounted on the truck in addition to transportation acceleration loads. The
total weight of the truck is 28,500 1bf. The truck shock acceleration loads
applied are consistent with those used in WHC 1993 and are obtained from
WEC 1972. Table 2 lists typical acceleration criteria for truck-bed shipping
Toads (WEC 1972, ANSI 1980).

4.0 ANALYSIS AND RESULTS

Three rollover stability analyses were performed: (1) a rollover analysis
.to estimate the limiting speed of the RMCST during transportation; (2) an
analysis to estimate the minimum turning radius of curvature to prevent truck
turnover for different bank angles and speeds; (3) an analysis to determine
the rollover stability of the truck on the jacks, if the jacks are not
actuated simultaneously.

4.1 LIMITING SPEED

This analysis includes a rollover evaluation in the 1ongitudina1 and
lateral direction to determine the 1imiting accelerations in both directions
to prevent truck tip over. The analysis appears in Appendix A.

The truck speed was limited to 35 mi/h on highways and paved roadways.
The 1imiting speed was estimated by ratioing down the truck speed on the paved
roadways by the square root of the ratio of one-half of the determined
Timiting acceleration to the transportation acceleration

g limiting/2
g transportation

(i.e.,V 1imiting = 35 \J

The analysis yields an average limiting speed of 15 mi/h associated with
lateral and longitudinal transportation accelerations of 0.37 g and 0.43 g,
respectively. )
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4.2 MINIMUM RADIUS OF CURVATURE

This analysis evaluates the stability of the truck during turning. The
analysis results provide a minimum radius of curvature of turn to prevent
vehicle turnover for three difference bank angles (0, -3, -10 deg) at three
selected speeds (15, 12, 9 mi/h). Table 3 summarizes the results, and
Appendix B contains the analysis details. The table includes the results w1th
and without the lateral transportation acceleration of 0.37 g.

The 15 mi/h speed was based on highway and paved road conditions.
However, it is important to realize that because not all paved roadways at
Hanford are considered highways, they are not constructed according to the
criteria in Table 2. It is difficult to predict what conditions the vehicle
may encounter during off-road driving. Slope and roughness of the roadways
vary considerab]y across the Hanford Site. Driving over a large rock or a
high spot in the road at precisely the wrong moment can overturn the vehicle.
A -10-deg bank ang]e was chosen as an extreme case in an attempt to compensate
for uncertainties in the condition of the roadway. A positive bank angle
represents a sloped roadway similar to that of a turn on a closed-loop
racetrack. Bank angles of 0 and -3 deg are included for comparison. In
addition, the truck body leans (tilts) in turns. For conservatism, a tilt
angle of 10 deg was assumed in the analysis. This angle is measured with
respect to the perpendicular to the road surface.

Results given in Table 3 indicate that the truck will roll over before
skidding at all operating conditions examined on either wet or dry pavement.
The coefficient of static friction between a tire and the pavement is 0.7 and
0.8 for wet and dry pavement, respectively. The coefficient of static friction
between a tire and macadam (compacted crushed stone) is approximately 0.67.
Thus, the truck will roll over before skidding in all cases examined.

4.3 ROLLOVER ON JACKS

This analysis investigates the possibility of truck roll over if the
jacks are not actuated simultaneously. The calculations assumed the center
jacks are not extended. Both lateral and longitudinal rollover were
evaluated. The calculations appear in Appendix C. The results of the
analysis show that the truck will not roll over if the Jjacks .are not actuated
simultaneously.
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FIGUREVI: Core Sampler Truck #2 Assembly.
. (Dwg. H-2-140300, WHC 1994b)
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Table 1: Weight Distribution of A1l Items of
Rotary Mode Core Sampler Truck #2.

Forward” | Sideways'" | Vertical‘®

Weight (x) o (y)
1bs in. : in. in.

Rear jacks 632 -59 0 -4 |
Front jacks 421 217 0 -4 l
Total of items 18704 18.56 -0.48 47.48
above chassis
Truck chassis 8743 120 0 -4

Total 28500 50.93 -0.31 29.78

M pistance from center of the rotating platform, + x towards cab and + y
toward drivers side.

@ pistance from the top of the truck chassis.

NOTE: The distance from the ground to the top of the truck chassis is
34.5 in. : '
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Table 2: Design Shock Acceleration
Bed of Truck (g-loads).
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Criteria of

I Reference Longitudinal | Lateral

air-suspended

Vertical
WEC 1972V 3 2 1 superimposed
to g
ANSI 1980‘® 2.3 1.6 2 down, 3.5 up
spring-mounted _
ANSI 1980® 1.8 1.1 1.5 down, 2 up

Values used in the analysis.

For comparison purposes.
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Table 3: Results of Minimum Radius of Curvature of Turn.
Vehicle Bank Minimum Static
Radius‘” | Minimum Radius‘’’ (ft) | Coefficient of
(ft) (including 0.37 g) Friction'® g
15 -10 35 242 .66
-3 26 70 .66
0 23 52 .66
12 -10 22 155 .66
-3 16 45 .66
0 15 33 .66
9 -10 13 87 .66
-3 25 .66
0 8 19 .66

Minimum radius of curvature of turn. Vehic1e will rollover attempting a
sharper turn.

’Minimum required coefficient of static friction between tires and roadway.
The minimum required coefficient of static friction must be less than the
coefficient of static friction between a tire and road surface for no skidding
(typical coefficients of static friction between a tire and road ranges
between 0.67 and 0.80). :
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APPENDIX A

LIMITING SPEED ESTIMATION




DESIGN CALCULATION WHC-SD-WM-ER-391

Rev. 0
(1) Drawing _ M -2-14p3pe - (2) Doc No. (3) Page__| of g
(4) Building (5) Rev. (6) Job No.
(7) Subject Sa,mfﬂw Tyrw L #72
(8) Originator [ H - =7 s Date__ /p—-2% -4
(9) Checker - o Date /- 7-9

L JMITING SPEED
l.o JyTRODUCTION
This o«ff:w.p(«‘x estimabes o jr'm:‘ﬁ/'ry Sloea_/ /Zgr

e KM? mode Cave SAA.WFLW Evuck (RMC ST) Aum ber)

(10)

T he L\'m%i%} 5/9@1 o derived Lron o rothover
wsbnalior o Ho m?;mfd mod Lt olivecEroe
te olilormioes fla Limiting occelerntios in bith
odivec Eims & ?rww& Eruck fipover.

The Z/‘m.‘tz‘nj-;sfwl wao edimsid b/ mﬁim’n}
dywn e Erwek 5/:%:{ o i P{we»( rmo(m/wyo 227 He
Sﬁme v ot {/ +h rolio / 7‘7{{;"’,0&56;’}4’1'"",_ ("Mfth}
occeleration % e t"MS)%ri'AiffO“ seceleration

(\le) vfim‘rbnj = \/YMW‘W}A '(M‘\W“‘)‘-’C*L \ .

The truck speed was oviinally Limitel
3s milh v )?/LW ook ot v e

The WMM}/];“ pead The trmswytwfif'm Lyt rYucreme,
Aelinod ey Fhr Frot Floe Tt levg (wee ig12)
(re.2 g Land 3 9 dogitidink ond f} vertiod ),

A-2 :

BD-6400-060.1 (12/87)



s - R — Smmm s mms e amies s = sen o cem adBm CTR— - - - - T T T T e e

DESIGN CALCULATION . WHC-SD-HM-ER-391
' Rev. 0

(1) Drawing H_z —) Yp2Zae  (2) Doc No. (3) Page _ 2. of ¢
{4) Building (5) Rev. : (6} Job No.
(7)-Subject SW Tyud gt 1

(8) Originator ‘ -~ Date lo-2x-9Y
() Checkgr Date ___ //-72-9¢
(10) | 7 ' -
I adldion , e ANSI 19%0 acceloration criteria
ﬁor trud<~bu(y\jff[’f"?_ Losolo <lle_‘)./\»é } &ﬁ;ﬂj |
2.3 g_ WF ) were unad [or Camfw/'sw--

2.0 LiIMITING LATERAL ACCELERATILY

Tipover N(T O, ) cs.
‘T—-" m o

643 V/O“: 43/‘?}— | m 24.9"

4’5 ‘ (9"f 3\\ —*T‘o? of Cl«a.SS;S
o = — = 0746 " :
64.3 7’ ?’ | Ju.s® wheel

y 0

| |
APFL}& Poctor of 5% %ft ;\_qg‘\_}//
of 2 o e W sccleraiom, 2

oo = ¢.37 ‘}

!

AsSwama (O »l:<\ f)kafert;""‘"l & v* CE”_?""“QW'?])
5“(3’?”"("3‘:’>’ 5/96Lo( Lim it %‘t’“‘fk on P‘wo( Vﬁ)%[l«/‘i»?/-!
o 35 mc/h . |

.TLl'm"é'('y Spee'( <Vltm:£1v) = 35 ‘/;f

For FFTE Criterin(WEC [974),

VL(M‘E‘VD = BSY 0‘23—7 — 16.00 VVLL/A/,»

A-3

.37

YM—SFth‘t’M_

BD-6400-060.1 (12/87)




[ R

DESIGN CALCULATION WHC-SD-WM-ER-391

Rev. O
(1) Drawing ___ H -2 -4 ©3s0 (2) Doc. No. (3)Page 3 of 4§
(4) Building {5) Rev. (6) Job No.
(7) Subject Sw»«gbvr- Trwedd a2
(8) Originator '/—/M,4__ H. "'7,'LL /_;_ . __ Date _/0—- 23-9Y
(9) Checker Date_ s/-7-9¥

W For ANST triterca ( ANS) 148730),

vln’mt("y —Bsyo/gé—, = /6.3 mC Jhr

3.0 LIMITING LoNGITuDinvAL Accdn,

— _%r_, ma-
Tipover ot 0Og: ""9‘\2”
F L4 b J{ Topof chrssis
Front WMWQ . Rapr
64.3 My = sg | mg + T wheel
' N
Y OR )
. — S55.1
a- éq»g j’ < l@"l\\

Apply o Louctor s% of 2 o~ /.47 Ewdingd ucceloméun

o = 043 ?,

ﬁr“FFTF criteria. (WEC 1974),

\/ N TRl = _
! .'éma = 35 '9'5'3'" = 13.25 mi/j

For ANSI cyiberra( AMSI 19%0),

vt?mft!‘“—a = 3s ;_“’3.3- = 5.3 mClh

A-4

BD-6400-060.1 (12/87)



e . ov—— . > — r— e — e e s RS e

DESIGN CALCULATION ‘;‘25-53-“’4-5*?-391

(1) Drawing __ -2 -14423006 (2) Doc. No. (3) Page _4 of 4
(4) Building (5) Rev. (6) Job No.
(7) Subject Savtlr Trucl #2

(8) Originator ' A’ZAM.\,H o 2l Date ly—2%-HY
(9) Checker = AM éﬁééc 4% Z& Date  //-7-9¢

(10) |
4.0 RESULTS AND RECOMMEL DATIONS

From the. foregorny coleodibins, vu aperrge ‘specd limit of
IS mifhr wwe judsel Lr be O resapedde Lstimdi
Lov 77 Spmplir Eruck on mast powid A’mﬁw/
ook wiegp + Howerer , sofe vehide s pedls ver g with
vosd Comdilione , sk werthor W‘i(‘ms,' To Suyget
O s peed w?/«t/wu He Jeiver o
Lilse S emas 7 sewnril Thee s ro substitute For

Fe driver’s own AMAW W ra?A» oﬁl VN‘J/{
Livd i Eigna |

etud meramremeds shidd be obtanid for
ﬁCL trms'oor’tp/{:l'dw Ma/{?—?‘«ﬂ 7 He Truck on /404«%44»/ |
--%,rsz. The actud Mwnﬁw shavld b paed

b fﬁxﬂ/l?/m,m M\-wét?ﬂwd VD/ He truek C,amfﬂm&.«/ﬁ?'
wstuJ i{ Ha esti il Vadnba,

A-5

BD-6400-060.1 (12/87)




WHC-SD-WM-ER-391
Rev. O

CHECKLIST FOR APPENDIX B - INDEPENDENT REVIEW

Document Reviewed ROLLOVER ANALYSIS OF ROTARY MODE CORE SAMPLER TRUCK #2

Author D. A. Koehler Document No. WHC-SD-WM-ER-391. Rev. 0

Yes No N/A

[vT [ 1 [ 1 Problem completely defined.

LA [ 111 Necessary assumptions explicitly stated and Supported.

[ 1 [ 1 [;/1 Computer codes and data files documented.

L1 [ 1 I 1 Data used in calculations explicitly stated in document.
1 11 I 1 Data checked for consistency with original source

information as applicable.

[ 1 1 1 Mathematical derivations checked including dimensional
consistency of results.

[ A1 [ 1 [ ] Models appropriate and used within range of validity or
use outside range of established validity justified.

[ '[ ] [ 1 . Hand calculations checked for errors.

[ 11 1 LA Code run streams correct and consistent with analysis
documentation. »

[ 111 [V Code output consistent with input and with resu]ts
reported in analysis documentation.

1 [ 1 I 1 Acceptability limits on analytical results app11cab1e and
supported. Limits checked against sources.

[, 0101 Safety margins consistent with good engineering practices.

[,A [ 1 [ 1 Conclusions consistent with analytical results and
applicable limits.

[, 101 101 Results and conclusions address all points required in the
problem statement.

MANDATORY Software QA Log Number _A//A
[tsne . Z0d 7= 5y

Reviewer _ ' Date




WHC-SD-WM-ER-391
Rev. O

APPENDIX B

EVALUATION OF MINIMUM RADIUS OF CURVATURE FOR TRUCK #2 TURNOVER
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(4) Building (5) Rev. (6) Job No.

(7) Subject __Core Sample Truck No. 2 Rollover Analysis

(8) Originator ___Duane A, Koehler Date __10/10/94
(9) Checker Hrcne U “Za; da Date___ji— 4-7¢
Relevant Dimensions.

Bank Angle of Road. A positive angle represents a bank angle similar to a sharp turnon a racetrack.

aq=-10 deg
a:=a1-i a=-0.175 radians
180

Body Roll. This is the angle the body leans entering a turn. Itis measured with respect to the
perpendicular to the road surface.

B1:=10 deg

v T
=Py — =0.175 radians
B:=B, 150 B

Height of leaf spriﬁg above road surface. This is assumed to be the pivot of the body with the
chassis.

1:=29.8 inches
Height of c.g. of truck above the body/chassis pivot point (1).

d:=34.5 inches

Distance from center of truck to outside tire. -

k=48 inches

Coordinates of Relevant Points (inches).

Ay =k-cos(a) Ay ‘=k-sin(a)
B =-1-sin(a) B y =l-cos(a)
C, =dsin(f- o) + By Cy:=deos(p- )+ By
where
A - Outside tire

B - Body/chassis pivot
C - c.g. of truck

B
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(4) Building (5) Rev. _ {6) Job No.
(7) Subject IRLYSLS
{(8) Originator 2 ; i Date /o /o/?¢
(9) Checker ‘;';Lgm He Z  ada Date  J/— 4—34 4
(10)
'Pe.rpencbcular _
r‘oo._; surface Centerfine. of body
e
e
‘ . ~c.Q.
——

1

|
Pwol‘t‘ o? body \/
w/Chassis 7_, { B\L | outside

( leaf smrﬁ)—v _ T'ir7
K /,,/”;’\
Rood, Suref® — surface L 1_(/?/::’//

(o,0) * Horizon

Free Body Diagram with Relevant
Point  bocations
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(7) Subject __Core Sample Truck No. 2 Rollover Analysis
(8) Originator __Duane A. Koehler E_@N Date __ 10/10/94
(9) Checker Hroer Ho ~Zodh Date {1~ Y¥-7¢
Weight of Truck.
W :=28500 Ibf

Gravitational Acceleration.
g:=322 fiysec?
Speed of Truck.

v =12 mph

5280

V=V f/sec

Moment Arms of Individual Forces About Pt A (Outside Tire).

Force Moment Arm_(inches)
W M) =|Cy- Ay
Fc . MZ:]CY_AY|
where

W - weight of truck
F - lateral force on truck c.g. = 0.37W

Radius of Turn (initial guess). This is the minimum radius the truck can turn and not rollover; a

sharper turn at the same speed will cause the truck to rollover.

r:=200 feet

Summation of Moments About Pt A (Outside Tire). A net negative moment (deﬁned as

clockwise) signifies impending rollover.

Given
w v2

W-M 1~ ——M 2= 037W-M 2=0
gr

r :=Find(r)

r=154718 feet

B-3
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(4) Building ‘ (5) Rev. (6) Job No.

(7) Subject __Core Sample Truck No. 2 Rollover Analysis
(8) Originator __Duane A. Koehler Zt ﬁz —— Date ___10/10/94

~

(9) Checker éé&aa o M Zrada Date 1= Y=-4Y

Normal Force on Outside Tires.

2
N = V.Y Gn(a)+ W-cos(a) + 0.37-W-sin(a) N =25928 Ibf

2
F¢:=——cos(a) - W-sin(a) + 0.37-W-cos(a) F¢=17079 Ibf

Friction Coefficient. This is the required coefficient of friction between the tires and road surface
under the particular cornering condition. If this number is higher than the actual coefficient of friction,
the truck will skid before it rolls over. : ’

po=— p=0.659

B-4
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Results of Minimum Radius of Curvature of Turn.

Vehicle | Bank Minimum Static
speed | Angle | Radius‘ | Minimum Radius‘" (ft) | Coefficient of
(mi/h) | (deg) (ft) including 0.37 g) Friction'® g

15 -10 35 242 .66
-3 26 70 .66
0 23 52 .66
12 -10 22 155 .66 |
-3 16 45 .66 |
0 15 33 .06 “
9 -10 13 87 .66
-3 9 25 .66
0 8 19 .66

"inimum radius of curvature of turn.

sharper turn.

Vehicle will rollover attempting a

2Minimum reguired coefficient of static friction between tires and roadway.
The minimum required coefficient of static friction must be Tess than the
coefficient of static friction between a tire and road surface for no skidding
(typical coefficients of static friction between a tire and road ranges
between 0.67 and 0.80).
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CHECKLIST FOR APPENDIX C - INDEPENDENT REVIEW

Document Reviewed ROLLOVER ANALYSIS OF ROTARY MODE CORE SAMPLER TRUCK #2

Al -4 A O e ) R R R R L e

Author _D. A. Koehler Document No. _WHC-SD-WM-ER-391. Rev. 0
Yes No N/A

[“T [ 1 [ 1 Problem completely defined.

[ T 1 [ 1 Necessary assumptions explicitly stated and supported.

[ 1 [ 1 [3 Computer codes and data files documented.

[.1 [ 1 1 1 Data used in calculations explicitly stated in document.
‘[ % S U I A ‘Data checked for consistency with original source

information as applicable.

[.4 [ 1 1 1 Mathematical derivations checked including dimensional
consistency of results.

[T [ 11 1 Models appropriate and used within range of validity or
use outside range of established validity Justified.

(1 1 [ 1 Hand calculations checked for errors.

[ 1 [ 1 [+t Code run streams correct and consistent with analysis
documentation. '

[ 1 [ 1 [ur Code output consistent with input and with results
reported in analysis documentation.

[ I O I Acceptability 1imits on analytical results applicable and
: supported. Limits checked against sources.

A I 11 1 Safety margins consistent with good engineering practices.

(v 1 11 0 1 Conclusions consistent with analytical results and
applicable limits.

[V/T/ [ 1 [ 1 Results and conclusions address all points required in the
probiem statement.
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APPENDIX C

ROLLOVER STABILITY OF TRUCK #2 ON THE JACKS
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Follover on Jacks ,
04/'%4.*)1/'&: Delermmne when trauck wit/ ra//a_ugr' i \/a,c.é: are
ot actualed Simu/Farewessy. Assume the center JaLks

are ot extended and oné rear /'ack /5 reisex lo
(s /){fﬁﬁf{ /Ooo'/f/o'/z s

\ Jack  _Lecation

7 Front
A @ : 2 Rear
v 3 Rear
¢ B.Ji '
72 \\ @’tan" ,.8209/2 = 8,1°

Y Rollover Axis

Al jacks are i contact with the jrouna{ before acfmz‘/?y any Jacks.
THE mawmurn Strobe of any Jack /s /8 1. Lbsen SRk 2 extends
8., the truck ant/ rotl arcwndd the Jine befveen jacks / and 3
(rotlover axis). 7he Ftruck wi// not roflever as /G/y as the c.9.
’s between the axes of supports.
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(9) Checker Htwson M. 2o, da Date [/~ 4-4¢
(10)
cg-

i-e—@

-
L

-~ 5§ —= 2

R& Rl

N
Oy

VIEW A-A_ - Front and rfg%mfazg:&m&,

fon /2.8° =

293

a= /46 < R42

75wck wwill not roflover,

VIEW A-A - 0Ope ‘rea.rdja,ck Fu.ﬂj{ extended (/8in.)
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(7) Subject
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(8) Originator 2 0 2
/77
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(10)
@@g/ﬁaé/za./ 5/&25//%{/ k
Arseme 't%e ﬁpnf JQ«Ck extends c /\
78 mn, with the rear tres on 7 1 547{

the ground. c T
8 2.4

- w
- -/ /8 = °
A« = tan 327, A4S
T — pmnf s
Truck 74‘3
Q. Surf; !

Horizonta] A f Fe

Determmne. X for Zruck roflover ( backwards),

EMy =0 C‘y. s d/k@@ alove rear Yire .

tano = T2/ om oc e 40
643

When the #}pnf‘/‘aa!: e cxt‘endea() X = 45" < 4/ > The
fruck i/l not roflever—
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