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PHI 
Machine Tools 

LOOK TQ PHI, THE INDUSTRY 
LEADER IN I UBE AND PIPE 

BENDING EQUIPMENT. 
PHI has been a leading manufacturer of tube 

and pipe bending equipment for over forty years 
first as Leonard Precision Products, then as 

Conrac Corp.-Machine Tool Division and now as 
PHI Machine Tools specializing in machinery, 
computer control systems, tooling and welding 
systems. 

PHI was the first company to offer computer 
controlled tube and pipe benders. Other patented 
developments include detectors to measure and 
compensate for springback, and the "synchro" 
concept of preset controls for multiple-bend tubes 
and pipes. 

The company has also led the industry in 
terms of such refinements as drop-away clamps 
to allow the bending of more complicated shapes, 

and follow-block assists and pusher assemblies that 
provide the operator with more precise control over 
wall thickness. 

As manufacturers of production equipment, 
PHI has taken special care to design safety and 
reliability into each tube or pipe bender. All 
hydraulically powered machines, for example, are 
equipped with safety plates on the bender arm. 
Rack-and-pinions and worm gears, rather than 
chains, are used on carrier drives. 

Every PHI bending machine is warranted, parts 
and labor, for one year from date of delivery. Expert 
service specialists are available for travel to all 
parts of the world for consultation and service. 

PHI is the leader in bending equipment for 
a reason. 

TOOLING OFFERS THE USER THESE BENEFITS: 
• The PHI Adaptive Tooling System permits bending a wider 

range of material diameters on one machine. Conversely, it 
makes a single item of tooling usable on a number of dif­ 
ferent PHI bending machines. 

• Wiper dies are machined to achieve best tangential fit with 
bend dies. 

• Follower blocks are designed for precise alignment with the 
radius block. 

• PHI tooling is manufactured in conformance with the 
requirements of military specifications MIL-l-4520BA and 
MI L-C-45662A. 

• PHI tooling is manufactured in the same plant as the 
machine. 

• Clamp blocks are designed for maximum grip of the tube 
and have a typical length of four times the Tube Outside 
Diamenter; large sizes, three times Tube Outside Diameter. 

• All stock tooling subject to prior sale. 
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STANDARD TOOLING 

Tooling for every model PHI bender 

• Class I Tooling: Full hard: Core 24-30 Rc surface hardened to 
Re 50 min 

Class II Tooling: 24-30 Re 

Class III Tooling: Low carbon steel 

• Class IV Bronze wiper dies and mandrels available 

Standard tooling common sizes Class II available from 
stock. 

e Special tooling supplied to order tor shapes, extrusions, angles, 
channels. etc. 

All iterns available in 1ps and metric sites 

Mandrel and wiper dies available with chrome or Krolon coating 



STANDARD TOOLING 

0 

FLEX-BALL 
MANDREL 

SELF-ALIGNING TOOLING 

Reduced setup time 

Eliminates scrap from tool misalignment 

Remains in alignment for complete production run 

No clamp marks on thin-wall soft material 

Self-aligning tooling available in types and sizes as defined in 
this catalog, Class I Available in reversible design and can be 
furnished for most makes and types of bending machines 



INDEX FOR SELECTION OF BENDING MACHINES 

Old Tube f w ca.as 
Model odel 0.0_XWr xMIN Cu pg X SCH X MIN CL Method of 

Number Number 3000 3 • ration 
Under 40 10 %x049x 20° %x40x30 Manual y0ch40 r.a Or 
10.0 SYNCHRO SYNCHRO Mx049x20" bend 

Capacity 410 H8- %065 2D %x40x30 Manual bench mount 

- rs x08920 %80¥30 Computerized numerically 
101A controlled with rope8a 
510 clap and direct acting 

00MU-BEND re id 

10.0 41f 20 1x066x20 %w40x30 Manual bench mount 
To1% 412 MB 1x065 x 2D %wx40x30 Maura $y0ho 0or0l Capacity SYNCHRO $YNCHRO draw bend 

- PT8 14x065 2D %80x30 Computerized numerically 
10 controlled with rope-area 

511 clap and direct acing 
COMP'U-BEND ue(di 

420 3 14x049x2D 1x40x30 Bech mount wit.h an.al 
rie 

110 1%ex065x 2D 80x30 lyaulc y0ch 00toll with 
$YNCHRO rope-arr clamp an direct 

211 acting pressure i 
$YNCHRO 

- SB 1%w065x20 140x30 hydraulic sing/bend wit 
manual clap and ads.able 

0OB 
210 pg" 1%w065 2D 140 ¥ 30 hydraulic sync.hro control with 

SYN0RO $YNCHRO manual or hydraulic ca 
Side inder 

20.0 - 164 2 126 x 20 1%x40¥ 30 ye,gRe Capacity 221 ion so@COM 

- 163° 2 126 x 20 1%x40 ¥ 30 wee,gs° $NCHRO control ( P' 
222 

$YNCHRO 
220 162 2¥.125x20 1440x30 re sehwo cote 

$YN0RO SYNCHRO (8M with drop-away clamp 
a0re48ti die - pre 2x 12520 1%x40 ¥ 30 Computerized numerically 

102 controlled with drop-8ear 
520 clap a0direct acting 

0OMPU.BEND ut(du 

30.0 200 103 3 18720 2%4030 {g Mr sch control 
Capacity 2x80¥30 (8 RM} wat rop-away clan. 

direct acting pressure die and 
ion DO8 $elector - ere 3 187¥20 2%¥40¥30 Corputeried numerically 

103 controlled with rope-awar 
530 clamp and direct acting 

COMPU-BEND e$$ur@die 

40.0 - 74 4x260¥20 380¥20 
Capacity 240 4x40xD 

- 74A 4%w260 30 4x80x30 
242 

- 74.8 4%x312¥20 4x80x20 
244 
474 4%.250¥140 4x40¥140 hydraulic with directing a0/0g 

255, 4744 44x312¥1%0 4x80¥140 
pressure die ad5position 

DO8selector Power DB an 
60.0 246 6x 250¥ 20 4x80¥20 sag gt re@gut_to 

Capacity 76A 6%260 ¥ 20 680x30 
08, 86 and DOB 

260 (246 Digital Control 

270 
4764 6%250¥ 1%0 680x140 Automatic Op&rain 

6 



BEND DIE TYPE TO MACHINE MODEL CROSS REFERENCE 

BEND#MASTER DES&PION BEND DIE TYPES 

x Tubb Max. end 
Current eviu 0.0 Die Radius 

Model Number Model Number lochs Inches Bf B4 86 8 88 884 89 go 
401 $YNCHRO 10 $YNCHO % 4 D" by 

410 H8. % • 0 

- 610 %% • 0 
COM'U-BEN 

BT404 

41 20 f • A 0 

MB SYN0RO 
412 $YNCHRO MBx MB f • A 0 

- 5ff % • 0 
COMP U-BEND 

es.sot 

- 110 $YN0HO, 1% • D 
Io 

211 $YNCHRO 

420 30 1% • A D 

- 201 PS8 1% • ' D 

PB, PB 
210 $YNCARO Bx, HP'Be 1% • A D 

- 164 2 10 ' D 
221 

- 163 $YNCHO 2 10 A 0 
222 SYNCHRO 

220 $¥N0HO 162 SYNCHRO 2 10 A 0 

- 520 2 10 A 0 
C0MU-BENO 

Pre.as02 

230 103, 872 3 18 A 0 

- 6$30 3 18 A 0 
COMU BEND 

es.103 

- 4 • 24 A 0 
240 

- 74A 4% 24 0 A 
242 

- 748 4% 24 D A 
244 

- 44 4% • 0 
2$0 

- 265, 474A 4% • D 

246 76A 6% 24 D A 
260 

270 476A4 6% 18 0 A 

- 280 • 36 
Made lo Order 

- 290 • 18 

7 



REVERSIBLE BEND DIE TYPE B1 

ORDERING INFORMATION 

Specify Type-Class0.D.--CL 

Example: % 0.D. Tube 1 CL 
Specify Catalog Number 81-411-%.1 

For non-specified sizes, insert tube 0.D 
and CL as required 

Dimension to Tube C/L 
Max. Tube 0.D 
Max. Bend Radius 

Mounting 

% 

W 

6" CL 

Two posts % diameter 
1%" center to center 

Material. Class III Low carbon steel 
for right or left hand 
Bending Machines 

Max. Degree Bend 180° 

TYPE BI BEND DIE SIZES AVAILABLE 

Tube 0.0 
lee 1/8 3/1% 1/4 $/16 3/8 1/2 /8 3/4 

' X 

% 
h ¥ X X X 

X 2 / ¥ X X ¥ 

I 
' ' X ' x X X 

% X X X x X X ¥ X 

8 



TYPE B1 BEND DIES MOUNTED ON PHI BENDING MACHINES 

DRIVE ADAPTER 
9/N 10280 

_-or 
@ wAsen a BEND 

Die 
TYPE Bf 

r00uNG 
OST 
PIN 10662 
w DA 

! acoo 
WASHER % 
IN 000280-002 

=Tr eo Die 
TVPE BT 

6 
T' 

FUR 
wrte 

MACHI 

STU0 

PosT • 
/N 1016s7 

DIRECT MOUNT 
MODELS 410-4HB-1) 

8END 
DIE 
TYPE B 

TOOLING POST 
PIN 10269S 
V2 DIA 

MODELS 2i0, 411, 412 
(20), (MB), (MBX) 
(PB), (PSB), (PBX), (PBHD 
(HB), (HPBX), (HPSB) 

FURNISHED 
wrte 

MACHINE 

DRIVE ADAPTER 
PIN1o64s 

; 

MODELS 401, (10) 



BEND DIE TYPE B4 

ORDERING INFORMATION 
Specify Type--Class-0.D.-CLRR 

Example 3 0.D. Tube x 1% CL 

Specify Catalog Number; 84.41.3%.1/% 

for non-specified sizes, insert tube O.D 
an CLRR radius as required. 

TYPE B4 BEND DIE SIZES AVAILABLE 

Material 4100 Series alloy steel 

Class II Medium hard 24-30 Re 
Standard Clockwise (right hand) 

Lett hand supplied on special order 

Max. Degree Bend: 180° plus over bend 

Dimension to Tube C/L: 1.0" 

WELDED 
REMOVABLE INSERT INgERT 

Tub 0.0 
lches 3/8 1/2 6/8 3/4 7/8 ' 11/4 1.1/2 

1% X 

1% X ¥ ¥ • 
% 1% X ¥ X X X X 

z 
1% X ¥ ¥ X X X 

' 1% ¥ • X X X X X X 

2 ¥ ¥ X X X X X X 

1% 

8° 

1 diameter center post 

% key rive 

Max. Tube O.D 

Max Bend Radius 

Mounting 



TYPE B4 BEND DIES MOUNTED ON PHI BENDING MACHINES 

ADAPTER FOR 
MOOEL 4160 

ADAPTER 
FOR MODELS 

220-221-222 
(1621, (163), (164 

HEX NUT r 
' "ma 

I 
WAS.,-,(A 

sr 
I 

TOOLING POST 
N 160025 

1 0IA 

BEND DIE 
TYPE B4 

/%"xl 
KEY 

T00LNG POST 
PN 1600s ti4 

1 0A 

9/N 10028 
Ao»Pren PuTf_[ 

N620281 

sorer"g] 

+o0uNG Post 
PN 102690 
1 DIA 

' 

d 

HEX SCREW 
20UNF 
PIN0000124 

{= 
I 

MODELS 210, 411, 412 
(20), (MB), (MBX) 

(PB), (PS8), (PBX), (PBHDX) 
(HPB), (HPBX), (HPSB) 

BEND DIE 
TYPE 84 

coNe i •• 

FURNISHED TH 
MACHINE 



BEND DIE TYPE B6 

ORDERING INFORMATION 

Specify Type--Class0.D.--CL 

Example 1% 0.D. Tub6x 3" CLAR 

Specify Catalog Number B6-41-1%-3 

For non-specified sizes, insert tube 0.D 
and CLRas required 

Max. Degree Bend 

Dimension to Tube C/L 
Max. Tube 0.D 

Max. Bend Radius 

Mounting 

180° plus over bend 

1% 

2 

12° 

1 diameter center post 
3key drive 

TYpE B6 BEND DIE SIZES AVAILABLE 

Materiat 4100 Series alloy steel 

Class II. Medium hard 24-30 RR¢ 

Standard Clockwise (right hand) 

Left hand supplied on special order 

REMOVABLE INS&RT WELDED NsemRT 

Tube 0.0. 
inches 3/4 f 1+1/ 1-1/2 1-3/4 2 

2 ¥ ¥ 

5 2% X ¥ 

z 
2% X ¥ X ¥ • 
3 x ¥ ' X ¥ X 



TYPE B6 BEND DIES MOUNTED ON PHI BENDING MACHINES 

TYPE B6 BEND DIE 

(2 COUNTERBORED REGISTER 

N 174029 
ADAPTER FOR 

MODELS 240. 074 

TOOLING POST 
PIN 174025 

1 DIA 

MOUNTS DIRECT ON 
MO0Et 220, (221) & (222 
(160), 01621, (163), (164) 



BEND DIES TYPES B7, B8, BSA, B9 

ORDERING INFORMATION 

By machine model, determine size and type 0umber, 
specify class number, Tube 0.D and centerline radius 

Example For Moel 240, medium hard bend die 
3 lube 0.D. x 12" centerline 

Specify Catalog Number; B74-3-12 

Material Class II Medium hard 24-30 Re 

Specify right hand (clockwise) or left hand (counterclockwise) 
when ordering 

NON-STOCKED DIES -- MADE TO ORDER ONLY 

TYPE8T Y9E 88 TYPE8&A TYPE B9 
Mounts Moul Moun Mount 
bisect Dire bisect Direct 

on 240 on 270-260 on 242. 244, on 230& $30 
260, 255 

Dim. to Tube CA 2% 3/% 3 1e 

Max Tube 0.D 4 0% 4is 3 
(40D 

C/Bore Dia 4% 4% 4% 2% 

Max. Bend fadis 24 24 24 18° 

Post tia 2 2% 2e 1% 

Drive Key 1y 1% 1% ,. 

DRIVE KEY 

" 



TUBE COLLETS AND INSERTS Part Numbers Stock Sizes 

INSERTS 
MACHINE MODELS 

510, 511, 220, 
222, 520, 230, 530 

COLLETS 
MACHINE MODELS 

401, 210, 211, 412 

1was Pt Number 10011 
2Was Pat Nub& P4BX00 
3Was Part Number 72072 
4was Part Number 7208. 

ORDERING INFORMATION 

For tube collets and inserts, specify the part number tabulated for 
the machine model and tube outside diameter desired 
Example Standard collet for % tube outside diameter tor Model 
210, 0r 412 
Specify Catalog Number 103281-002 
for custom sizes, specify tube outside diameter in decimal. 
Example: Custom Collet for 1.39 tube outside diameter tor Model 
210. or 412 
Specify Catalog Number 103281-1.39 

COLLET$ INSERTS 
MACHINE MODELS MACHINE MODELS 

Tube 
00 210, 211, 220, 222, 

tech 40f 412 510, 511 520 230.530 
% 102415-001 103281-020 
/ 102415.-002 103281-001 

%e 10241$.003 103281 002 112011­ 

/% 102415-004 103281 003 112011­ 

% 102416.-006 103281.004 112011­ 

% 102415-007 103281 006 112011­ 172072-015 
% 102415-009 103281-008 112011­ 172072-017 
%% 103281 010 112011­ 172072-019 172087-218 
% 103281-012 12011­ 172072.021 172087.216 
f 103281-013 11201­ 172072-0221 172087.21% 

1% 103281-015 1172072-0241 172087.213 

1% 103281.07 172072-026 172087-211 

1% 172072-028 172087-209 
1% 172087.208 
2 172087-207 

2% 172087.205 

2% 172087.203 
2% 172087 20 

2 
Collets fit direct into oh.et 

huck furnished wit react 

d 

Inserts fit direct into natr 
0olet furnished with machine 

PIPE SIZE COLLET INSERTS Part Number-Stock Sizes 

ORDERING INFORMATION 
For standard collet inserts, specify the part number tabulated for IpS 
size desired 
For custom size, specify pipe outside diameter in decimal 

2-3%1PS 

%e1%1PS 

Fits Directly 

nto Master Colet 

Furnished with Machine 

Nominal 
PS Si¢ 3s MACHINE MODEL 
eh 255 

812 474072-081 - h 
840 474072.084 

' 
1.050 474072.105 

1.063 474072-106 

' 1.316 47407213 ' 1% 1660 374072.166 

1% 1.875 474072-188 

1.900 474072-190 - 
2 2.375 474072.23 

I 2% 2876 474072.288 ' 3 3.50 474072.350 

3% 4.00 474072.40 



BEND DIE TYPE B10 AND B1OR 

ORDERING INFORMATION 
Specify Type Class - Tube 0.D. -- CL 
Example % Tube 0.D.1 CL 
Order Standard -B10- IL .%-1 

Reversible B10- III-he 

For sizes not specified, insert tube 0.D and CL 

Dimension to Tube CAL 

Maximum Tube 0.D 

,. 
% (draw bending) 
% (compression bending) 

$ 

Material Class III -Low carbon steel 

Standard Right hand (clockwise) 

Reversible: Combination night and left hand 

Max. Degree of Bend 180° 

Maximum Bend Radius 4 

Dual Purpose: Compression and draw bending dies 
Use only on Model 401 SYN0HRO 

DRAW BENDING 
h" Diameter Center Post 
% Key Drive 

COMPRESSION BENDING 
/ Sure Center Post 

TYPE BT0 BEND DIE SIZES AVAILABLE 

Tube 0.p 
Inches /8 3/1% /4 6/16 3/18 1/2 $8 

% • X ¥ x 

% / ¥ • ¥ X ¥ 

l % ¥ ¥ ' ' ¥ ¥ 

' ¥ X ¥ X ¥ ¥ X 



TYPE B10 BEND DIES MOUNTED ON PHI BENDING MACHINES 

DRAW BEND MOUN TING COMPRESSION BEND MOUNTING 

ADATE 
PLATE 
/N 10231 

BEND DIE 
TyVeE 81o 

FURNISHED ONLY 
WITH Ones$ION 

8ENDING 

/e so 

BENO DIE 
-TYPE Bo 

ADAPTER • ,- ..b PN 102314 

-· - TO0LNG POST 
N 102312 
% DIA 

MACHINE 
BEND A 

so 

ACNE 
BEND ARM 

FOR BT BEND DIE SET-UP 
SEE PAGE 9 

DIRECT MOUNTS ON 
MODEL 401 (10) ONLY 



CLAMP BLOCKS TYPE C SERIES C1-C2-C4-C6-C10 

ORDERING INFORMATION 

By machine model, determine size and type number specify 
class number and tube 0.D 

Example: Model 210, med. hard 24-30 Re %% tube 0.D 

Specify Catalog Number C7-41.% 

For custom size, insert tube 0.D. desired. For PS size, insert 
nominal pipe size 0r specify O.D. in decimal 

� 

TYPE CI(H+1) 

Material: 4100 Series alloy steel 
Class II Medium hard 24-30 

l 

REVERSIBLE FOR RIGHT OR LEFT HAND BENDING MACHINES 

Clamp block lengths are four times tube outside diameter. Those greater 
than 2%" 0.D are three times the tube outside diameter 

Custom lengths available upon request 

TYPE C1-C2-C6-C10 CATALOG NUMBERS STOCK SIZES 

Tube MACHINE MODEL 
0.0., aches 40f 410 420Pre.84 210,411, 412, 420 

% 010-I­ Ct-I% ,,. CIO- II-W C-II / 

% C10-I-% Ct.I-% 

/ C10D/% C ls 

% 010-II-% Ct-A% 08-l c2 •• 
/ 010-I % Ct-II 06II-/ c2-A-re 
% 010-I-% C • % Ce-I% 02-I.% 

% 010-II% CA 06A% C2-I% 

% Ct-I 06-II% c2-I 

% C6- I-% 02.1% 

f 06-I-1 c2-I f 

1% 06--1% 2-I-1% 

1% 06- I-1% 02L.% 

1 c6-I 1% Cal-1% 

1% 06- I-1% c2--1% 

TYPE CA CATALOG NUMBER STOCK SIZES 

TYPE C2 
(H2 

$ 
4 

y 

' 4 

j, 

4 
• 

J 
Tube MACHINE MODELS 4 

0.D., inches 240, 242, 244 leeches 
2 c4-I-2 

2% C#-II-2% 3% 

2% 04-D.2% 

2% C4-I 2% 4 
3 C4-I-3 

3% C4 II-3% 
4% 

3% c4- AI-3 

3% C4--3% 5 

• Cl4 

TYPE C6(H+1%) 
(EXCEPT ABOVE 1 T00) 

(H2 

TYPE CI0(H+") 
/ 



CLAMP BLOCKS TYPE C SERIES C3-C5-C9-C1 

ORDERING INFORMATION 

By machine model, determine size and type number specify 
class number ad tube 0.D 

Example: Model 221, med. hard 24.30 Re % tube 0.D 

Specify Catalog Number C3-41.% 

For custom size, insert tube 0.D. desired. For IPS size, insert 
nominal pipe size or specify 0.D. in decimal 

), 

4 

TYPE Cs 

o 

TvoE c9 

TYPE C3-C5-C9-C11 CATALOG NUMBERS 

Material 4100 Series alloy steel 

Class II Medium hard 24-30 e 

Standard. Clockwise (right hand) 
Lett hand supplied on special 0rer 

Clamp block lengths are four times tube outside diameter Those greater 
than 2%" OD. are three times the tube outside diameter 

Custom lengths available upon request 

Tube MACHINE MODEL 
0.0.,inches 221, 222 220. 520 $30 230 

% C3-A % CS-II% 

% C3--% CS-I-%» 

% 03-% cs- I l 
% C3-I% 05-I c-II-% C ·� 
% c3-I-% cs- -% 09--% Ct-I-% 

f C3-II­ cs- I f 09-A­ 01t-I-1 , C3-II-1% 0- I-1% 09-I-1% Cit-I-1% 

1% c3 • 1% CS- I-1% 09 I-1% C1t-I-1% 

1% 3-I-1% cs- I-1% C9- I-1% 01t-I -1% 

1% 03--1% 05 l-1% c9 I 1% Cit.A-%w 

1% c3 I 1 05- I-1 C9-1% Cit.I ­ 
2 03-A-2 c5- I2 09-I-2 CI-I -2 

2% c9-I 2% c1-I-2% 

2% 0-l -2% CI-I 2% 

2% 09-DI -2%% CI- -2% 

3 09-I-3 CI1-II -3 



CLAMP BLOCKS TYPE C SERIES C7-C8 

ORDERING INFORMATION 

By machine model, determine size and type umber, $p90ify 
class number and tube 0.D 
Example: Model 211, med. hard 24.30 Re 

% tube 0.0 
Specify Catalog Number C7Al.% 

foe custom size, insert tube 0.D. desired. For [PS size, insert 
nominal pipe size or sp0ify O.D. in decimal 

Material: 4100 Series alloy steel 

Class I Full Hard Core 24-30 Re 
Surface hare 50 Re min 

Class II Medium hard 24-30 Rc 

Standard Clockwise (night hand) 
Lett hand supplied on special order 

Clamp block lengths are four times tube outside diameter Those greater 
than 2%0.D. are three times the tube outside diameter 

Custom lengths available upon request 

j 
4 

t 

TVPE CB 
SUPERIMPOSED OUTLINE INDICATES 

33%&4I$SIZE 

, 

�:;:.:... t . , Se • ··- ,. , . ·- 0 
.. /' ­ J LA 

­ 
0 ··- y 

/ . - 

,< 
i 

I 

« 

TYPE C7-C8 CATALOG NUMBERS 
CLASS I ONLY 

Norin.a Pip 0.p. MACHINE MODEL 
Ps Sire ch 255 

% 812 C8-I-%1S(812 

840 08-1-MPS(840 

% 1.060 C8-I-IS (1.060 
1.063 C8-I-IS (1.063 

' 1.315 c8-1-1i$ (318 

1%% 1.660 081-1%1P$(1.660 

% 1.87$ C8-1-1%1PS (1.875 

1.900 C8-I-1% 1PS (1.900 

2 2375 08-1-21$(2.38 

2% 2875 C8-1 -2%4 18$ 42875 
3 3.$00 08-1-31$(3.500 

3% 4.000 8-1-3 IPS (4.000 
4 4.$00 08-14IP$(4.$00 

CL.ASS II 

Tub MACHINE MODEL 
0.D., inches 211, 51 510 

% C--% CT-II-% 
/ c-I-W cg-/ 

% C- A-% c7- I-% 
/ CI/% c-I/% 
% C-I% c7- Ai 
/ c- A-/ c7- I-/ 

%% cf-% CT-II-M 
% C-II% c7-I% 
% c- A-% CT-II 
% c- A­ 
f -I-f 

1% CT- II-1% 
1% CT- II-A% 



TYPE C1 CLAMP BLOCK MOUNTING ADAPTERS 

ORDERING INFORMATION 

By machine model, determine adapter part number to be 
used within tube 0.D. range 

Example Model 210, right or left hand 
machine, %%" tube 0.D 
using Type C1 clamp blocks 

Specify Catalog Number 102698-8RH (right hand) 
0r 102698-L4 (left hand) 

ADAPTION FOR TYPE CIT CLAMP BLOCKS 

CLAMP 
BLOCK 

CLAMP BLOCK 
MOUNTING ADAPTER 

9/N 102698 , 
- 

, l , 
, - / , l / 

' 
,. 
V 

, -< 
, 

nee c 

Tube 0.D 
Inches 

'nee c 
CLAMP BLOCK 

CLAMP BLOCK 
MOUNTING ADAPTER 

/N 104054 

220 

MACHINE MODELS 

ca7b 
MOUNTING ADAPTER 

p/IN 106637 

TYPE CT 
CLAMP 
BLOCK 



FOLLOWER BLOCKS 
' 

Min Sire and Tube Length . inches 
Machine end Type 0.0 
Mooe 0le CLR Nun.be hes 10 1s 18 24 

% e10 

410 % F4A /% /%10 

• e-10 

210 / /1 
41f 412 
420 1% F48 • 1O 

211. 220 /% /%10 

221,222 1% F4C % %1 %16 %18 %24 

510,511 • e 10 e15 ie18 ea24 

$20 • %1 16 %18 e-24 

0 
' 

3 080P-IN-SMOULDER 
SCREW MOUN TING 

' ' 
­ ' 

2UNIVERSAL FOLLOWER 
SLIDE PLATE REVERSIBLE 

N 102814 

(MACHINE MOUNTED 
MASTER SLIDE BA 

A"Toe 

TYPE FAO1 (H"=1") FOLLOWER BLOCK 
CATALOG NUMBERS 

ORDERING INFORMATION 

By machine model, determine size and type number 
Select tube 0.D. and length 

Example Model 410, % tube 0.D. x 10 lg 

Specify Catalog Number; F4A-10 

For custom size, insert tube 0.D desired 

or IS size, insert nominal pipe size 0r specify 
0.D in decimal 

TVPE FA4 (H-1") FOLLOWER BLOCK 
CATALOG NUMBERS 

Material: 4100 Series alloy steel 24-30 RR¢ 

BASIC TYPE MOUNTING: 
• Direct on Machine (no0l $Own) 

no mounting tapped holes or screws) 
2 Bolt to Universal Follower Slide Plate 
3 Drop-in Shuler Screw 

Mi. Shead Tube length+ inches 
Machine end Type 0.0 
Model Die CLR Nun.bet inches • • 12 

% %6 %.9 %12 

/% ie6 /9 /12 

% %e6 e9 %e12 

40f % 4014 / /6 /.g e2 

% %6 %.$ e12 

/ /e6 / /12 

% %6 e9 %12 

% %6 %.$ e12 FA8 EXTENDER 
FORR SHORT ADI 
PIN 10762 



FOLLOWER BLOCKS 

TYPE F8(H=2)--FOLLOWER BLOCK CATALOG NUMBERS 
Lengtnches 

Mi. Senf Sire and Tube 0.0 
MACHINE MODEL Die CLR Type Nuber inches 10 1$ 18 24 30 

210,411,412 1% res % %10 %e16 

420 % e10 e15 

211, 220, 221, 222 f 1-10 1.15 1-.18 

200,511, 520 Ii F8C 1% 1%10 lie16 1%18 

1% 1%10 1%e15 1%18 1%24 1e-30 

530 1% F8DO 1% 1%e10 1%15 1%e18 1%24 e00 

1% 1%-10 1%15 1%-18 1%24 1%-30 

TYPE FIO (H=2"), FI2(H=3'), FIA(H=3V"), FI6 (H=37%") 
FOLLOWER BLOCK CATALOG NUMBERS 

ngtlnche 
MACHINE Mi. Bed le and Tube O.D 

MODEL Di CLR ye Nu.bet lehe 10 1 18 24 30 • 48 60 
220. 221. 222 

I 230. 520 3 FOC 1 %10 1%15 1%18 124 1%00 

530 3 Fi0p 2 2-10 2-15 2-18 224 2-30 

20 4% F12C 

I 240, 242 4% F12E 2% 2e-15 2%18 2%24 2%-00 2%0% 

530 4y F12OD 

230 4% F4C 2% 2%15 2%18 2%24 2%00 2%w06 2%48 2%60 
240. 242 4% FAE 

2% 2%e15 2%e18 2%24 2%30 2%e36 2%4.8 2%-60 
530 4y 4t 

230 4% Fi6c 

I 240. 242 4% F16E 3 3.15 3-18 324 3-30 3-36 348 360 

530 4% +6o 

TYPE FIB (H" =4%"), F2O(H-47%") FOLLOWER BLOCK CATALOG NUMBERS 

MACHINE 
length-Inches 

Min. Bend le ad Tube 0.D 
MODEL Die CL Type amber lnehe 1$ 18 24 • • • • 

3% 
240. 242 4% F18E 3% 

Made to Order 
3% 

240, 242 4% F2OE 
4 



TYPE F4, F8 FOLLOWER BLOCK MOUNTING ADAPTERS 

ORDERING INFORMATION 

By machine model, determine adapter part number to be ugd 
within tube 0.D range 

Example Model 210, right or left hand machine, 3/16 tube 0.D 
using type FF4 follower blockes 

Specify Catalog Number. 102701-001 (right hand 
0r 102701-002 (left hand) 

Follower Block Mounting Adapters Allow Follower Blocks to Be Used 
Without the Use of Attaching Screws 

Adaption for Type F4, F8 Follower Blocks 

Use Adapter Tub 0.0 +2. MACHINE MODELS Nuber che 

% ,. 
1001 % 

/% 
210 % 4 

411,412 /% 
% 
% • 
% 

210 % 
10270 f F8 411, 412 1% 

1% 

8OX SLIDE 
PIN 10270-001 RH 
PIN 102707-002 LH 

TYPE F8 
FOLLOWER BLOCK 

80X SLIDE 

r-----�~::: •�:11>1-0111 RH PIN 10270-002 LH 

TvPE F 
FOL.OWER BLOCK 



MANDREL SPECIFICATIONS 

SPECIFY 
• Chrome plated 
Plain tool steel 

Other 
e No. of balls 

Tube 0.D, size 

END 
LINK 

Wall thickness 
Tube material 
Weld flash 
Rod size 

Center line radius of bend 

CENTER BALL FAIL SAFE TIGHTENING 
CREW HOLE 

Two PIECE 
SANK LINK 

MANDREL ROD 
THREAD SIZE 

(Rm 

TUBE SIZES AVAILABLE (Inches) 

Tube Sles $heck Length Rod Theed $le 

% 6 10-32 

%l • hi18 

1-1% • Me13 

1e2 9 10 

2%w3% 9 1.8 

6 12 1%0 

PIPE SIZES AVAILABLE (Inches) 

Pipe $le hank Ling Thread $le 

h 6 W118 

% 6 e13 

f 9 %10 

1% 9 e10 
1% 9 -8 

2 9 18 

2% 9 18 

3 12 1%e10 

3% 12 1%e10 

4 12 1e10 

5 12 110 

• 12 1%e-10 



MANDREL AND WIPER DIE SELECTION CHART 

SELECTION CHART 

CENTERLINE RADIUS TO 0.D. FACTOR (D" OF BEND) 

wALL 
f 25 1.50 FACTO 2 

10 r F f f 

SEE 
1% MW nw Mt Mf 

Nore 20 M2W MW nw M 

' 26 M3W MW MW MW 

30 443W 43W w w 
36 43W M3W 43 M2W 

40 4W M3 43w M3W 

45 4 M3W 43w M3W 

$0 44W 43w 43w M3W 

60 44W a4 M.3W M.3W 

70 5w 5 lM5 M3W 

80 5W M5 5 445 

90 5W MSW 5W M5w 
SEE 

NOTE 100 5W M5W 5W M5w 
2 

125 MSW M5W 5W MSW 

150 6W 6 MoW 446W 

76 

200 

SEE 225 
NOTE 

3 260 

2r% 

A (1bl or over 9 degree bending 

Double wall factor tor calculating q0are or rectangular tube 
A (1) ball when bending brass 

2.50 3 

p • 
P p 

f r 
Mf e 

MtW MT 

M2W M2W 

M3W 3 

M3W M.3W 

M3W M.3W 

M3W .3W 

M3W M3W 

3W l.3W 

M3W 3W 

445W 443 

MSW 445 

45W 5W 

4MW 46w 

4 

• 
F 

F F 

M2 Mt 

Aw M2 

Maw 42W 

Maw M2W 

M2W M2W 

MW M2W 

M3W M2W 

M3W M3W 

M3W M3W 

44W 4MW 

4a AM4W 

46 MW 

KEY TO CHART 
Wal fact lube Outside Diameter 

Wal Thicks 

adi to 0.D Facto Bend Centerline Radius 
S Tube Outside Diameter 

Tooling identificatione 
lug#Mandrel 

F Form tarel 
M salt 4Mandel 
Figure Nuber ot8ls 0in Mandrel 

Example Bend 3 0.D lube with 0a49 wall on6CL. Radius 

want Factor 61.2 
6 049 

Radius to 0D Factor i2 
Read doe to closest wall factor (60), across to fourth column (2D' 
Aw@r 

M 3 w 
Wier Die 

Thee Ball ORR 
Mandrel 

Three ball mandrel wit.h wiper die 

NOTE1.Light shaded area at top of table.No wiper di is 
required when be0gbra$$ 0r 00pp 

2Light shaded area, factors 70 1017$Lg¢ Thin wal 
type arel 

3Darker shaded area,factors 200 t0 276Use Sup8r.Th% 
Wat type mare 



BALL MANDRELS FOR PIPE SIZES Centerline Radius 1% D or Greater 

Al PS Mandrels Furnished with Lube Holes All Sizes Made to Order - 
Mi. Centerline 

Norin.al Outside Walt Shank Mt'g Rot ol Bend es Slre Schedule Diameter Thie#es Theed $le inches 
40 840 109 /18 

80 840 14 18 1% 
% 40 12 10 /118 

80 812 13 /118 
$/$ 10 840 083 /118 

$/$40 840 109 /e1.8 

40 1.060 113 e13 
80 1.060 154 %.13 

% 40 1.063 106 e13 
80 1.063 143 %.13 1% 

$$6 1.060 066 %13 
$/$10 1.060 083 13 

40 1.315 1.33 10 2 
80 1.315 179 10 

f 40° 1312 125 1 
80 1312 162 %.10 1% 

$/$$ 1.315 066 %.10 
$/s10 1315 109 %10 

1% 40 1.660 140 %10 2% 
80 1.660 191 %e-10 

40 1.900 45 1­ 3 
80 .900 200 1.8 

1% 40 1.875 13% 1.8 

80 1875 181 1-8 2% 
8/$5 1.900 065 1.8 
S/$10 1.900 109 1-8 

40 2.375 154 1.8 4 
80 2.375 21% 1-8 

2 40 2376 44 1.8 
80° 2376 19 1.8 3 
$$5 2375 06 1-8 

8/S10 2375 109 1-8 

2% 40 2875 203 1.8 5 
80 276 1.8 
40 3.500 216 110 6 
80 3.500 300 110 

3 40° 3.500 196 1%1 
$s5 3.500 083 110 4% 

3/S10 3500 120 1%e-10 

3% 40 4.000 226 1%1 7 
80 318 1%e-10 
40 4.500 2 1%10 • 80 4.500 33 1%10 

4 40 4.500 215 1%10 
$/$5 4.$00 08.3 1%10 6 
8/S10 4.600 120 110 

6 Mae to 0ref 
6 

SSenotes stainless steel 
Denotes AS TM A-587 ER 

Shank length is6" for % IPS and1PS,9" length for 1 IS through 3 PS, and 12" length for 3% IPS and 4 1PS. Flex 
section, shank, balls and links may be ordered separately. Specify mandrel type, IP'S site, schedule, and wall thickness. 



PLAIN END MANDRELS Lube Holes Available Upon Request 

ORDERING INFORMATION 
Plain end mandrel tor any tube 0.D and wall thickness 

Specify. Type, class, tube OD and wall thickness 

Catalog Number Example PM43%.016 (plain end mandrel made 
of alloy steel, heat treated tor 3% 0.0. .016 wall tubing) 

Material Class I Alloy steel heat treated 5961 Re 
Class IV Bronze none-stocked item 

(Suggested for stainless steel tube) 

CLASS I STOCK SIZES 
Tube 
0.0. Nominal $hake Leng $hake At 

nc.hes we Thickness inches Thrd Sire 

% • 10-32 

h 016 • %e20 

% 020 • /%-18 

%% 028 • %.16 

1 036 • e13 

1% 042 • %13 

1% 049 • 13 

1 065 g eIO 

2 9 10 
Mace To 0eer ltemn not stocked 

REFERENCE CHART 
MINIMUM BEND CENTERLINE RADIUS INCHES 

Tube 0.0leeches 
Wall 

Thickness 3/8 1/2 $/8 3/4 f 1.1/ 1-1/2 

06 1 2% 4%% 6 - - - 
020 /% 2% 3 5% - - - 
028 /4e 1% 2% 3 7 - - 
035 ' % 2y 3 6 - - 
042 % 1% 1% 2 5 7% - 
04g % • 1/% 2% • 6% g 

066 % f 1% 1 3 5 6% 

To produce a g009 bend, the suggested mini­ 
mun benCL8is listed when used withaplain end 
mandrel. Plowever, greater degree of bend and0one 
reduction in CL can be accomplished with0seola 
toenenogel 

Al other combinations 0ltube OD.wall thickness 
ad centerline radius a be a00.0hf%wt4 
0a#exile. cable type rel 

- 

FORMED TO EQUAL 
CENTERLINE RADIUS 

OF BEND DIE 

Type, class, tube 0.D, wall thickness, and centerline 
radius desired 

Catalog Number Example FM.4.%%-016-1% 
(Formed end mandrel made ot alloy steel heat treated for 
3%00¥016 wall tubing to be used with a 1% 
CLR bend die) 

Formed end mandrels should be not us} with a bond (die of 
lesser radius than stamped on the mandrel 

Material Class I Alloy steel heat treated 59-61 Re 
Class IV Bronze (Suggested tor stainless steel tube) 

FORMED END MANDRELS Lube Holes Available Upon Request /1 ORDERING INFORMATION 

All formed end mandrels are made to order to your specified LENGTH 
centerline radius 

€ • 



ROLLER ASSEMBLY AND TUBE CLAMP FOR COMPRESSION BENDING 

ORDERING INFORMATION 

For standard roller assembly or tube clamp, specify the part number 
tabulated tor tube 0.D. desired 

For custom size, specify tube 0.D, (500 ma.) in decimal 

FOR MACHINE MODEL 401 

Tube 0.D holler Asnbly Tube Clay 
inches Pat Number Part Naber 

% 106586-001 104868.00 

%% 1066586-002 104868.-002 
% 106686-003 10486.8-00.3 

%" 1065868-004 104868-004 
$% 106586-006 104868-005 
% 106586-006 104868.00 

TUBE 
CLAP 

PUSHER CLAMP AND FOLLOWER BLOCK PART NUMBERS 
For 1½ D 4 IPS Machines 
MACHINE MODEL 255 

ORDERING INFORMATION 
For standard pusher clamp or follower block, specify the part 
number tabulated tor IP'S size desired. For custom size, specify pipe 
0.D. in decimal 

FOLLOWER BLOCK 
Pat Number 

PusHER CLAM SET 
Pat umber 

$474 1S4840.46 PC474-% 1PS4840-6 
F474% 1P$41.060-15 

44 1P$(1,063-1$ 

F4741 1$4(1315-15 C471 1PS(1.3156 

F474-1% 19$41.660-15 

F474-218$42375-1$ PC474-2 18$42.375-9 

""·"'>'M'H' =••"'>'ffl� � : � : EROIEW£00E'7'79" F474.14 10$41.900-1$ PC474-1% P$41.900-9 

2 

Part Number puSER DIE WEDGE , 
474794 " eusE CLAMP Ser 

0c44 0Ps sue 
Follower block and one-half of pusher clamp set bolts to 
follower tie plate #474029 furnished with machine 

Follower block and one-half of pusher clamp set is one 
piece. No tie plate required 



WIPER DIES TYPE W SERIES W4-W5 

ORDERING INFORMATION 

By machine model, determine size and type number 

Select class number, tube 0.D and Centerline radius (see chart) 

Example Model 210, alloy steel material, 3% tube 0.D 
1 centerline radius 
Specify Catalog Number; W5441.3%11% 

for custom size, insert tube 0.D mot listed. for IPS give, insert 
nominal pipe size or specify 0D in decimal 

Material Class I: 4100 Series alloy tool steel 24.30 e 
Class IV Bronze nor-stocked item 

TUBE FORMING USUALLY REQUIRING A WIPER DIE 
Example By using the ratios shown on the chart,y0.D.025 wall to be ­ 
bent 1% nterli rait on 0e tg us 

4 

500.2o 1h+3 > / 

025 % 

WIPER DIE STANDARD LENGTHS 

Max. CL z7) Types lnches lengths, inches 

AB.0.8G ' " 
D 5 8% 

e 4 6% 
CL 

F ' 13 

Larger Radii Require Longer Wiper Dies 

Ratio et bl fl0 

I Tube 0.D 

' 2 3 • 
$ N No N No 

ti 10 Yes Yes No No 

! 1s es Yes Yes No 

I 20 Yes Yes Yes Ye 

25 0 Yes Yes Yes Yes 
More 

MACHINE Type Tube 
Opet Nun 0.D., inches 

210,411. 412 4A 

220, 221, 222, 6$20 w48 

240, 242 w4C , 
TYPE W4 

420 w4.p wet" 
211, 510. 511 WE 

230. 5090 4s 

210,411 412 w5A 
220, 221,222, 5$20 wss 
240, 242 wsC 
420 wso %,% TYPE W5 

H"=1 
211,510,511 wsE 
2390, 5090 WF 

244.250.255 w5G 



WIPER DIES TYPE W SERIES W6-W8-W10-W12-W-14 

MACHINE Type Tube 
MODEL lube 0.D, Inches 

210, 411,412 w6A 

220, 221 222, $20 w6.8 

240, 242 w8C 

420 w6o 1,1% 

211,511 8E 

2090. 5090 WF 
244, 250,255 w6G 

210 w8A 

220. 221,222. 520 w8s 

240, 242 w8c 1%,1% 
420 w8o 1% 

21,511 w8E 

230. 500 w8F 

244, 250.256 w8G 

2a0. 221. 222. 520 w108 

I 240, 242 w1oc 
1%. 2 

290. 5090 WI0F 

244, 250. 255 w10G 

TYPE w6 
H"1%" 

TYPE WIO 
H+2%W" 

lg.so WI2F 2%.2% 

11 
TvpE w12 :24-1.250,255 

w12G H+3 

1~· · w4C 

11 
W14f 2%3 TYPE W4 

:::: 

251! 
H+3 

W4G 



PHI 
7@is 

TUBE AND PIPE BENDING MACHINES 
PHI offers the industry's most complete line of tube and pipe draw-bending machines. They are powered 

manually or hydraulically with automatic, semi-automatic or manual controls. 
PHI equipment can produce precision bends in tube from '/s inch to 6 inches OD and in pipe from '/4 inch to 6 

inch IPS. 

TAKE A LOOK AT THESE OTHER 
PHI PRODUCTS DESIGNED TO 

HELP YOUR PRODUCTIVITY 

l 

BENDMASTER BENDING MACHINES. 
Powerful, hydraulic benders for 
pipe up to 6" IPS and tube up to 
6" OD, offers maximum control 
over wall thickness and ovality. 

BENDING MACHINES TOOLING. 
Manufactured by PHI, under 
strict quality control specifi­ 
cations, to produce tooling for 
consistent precision bends. 

SYNCHRO BENDING MACHINES. 
Hydraulic or manual power for 
automatic bends, as many as 
10 bends per pipe or tube, 
up to 3"0D. 

ENO FINISHING. Broad line of 
end finishing machines will 
flare, doubleflare, bead, 
square, deburr, and flange.. 
from ls" tube to 8" pipe, 
including all needed tooling. 

BENCHMASTER BENDING MACHINES. 
Compact, manually-powered, 
bench-mounted machines for 
precision bending of smaller 
diameter tube and pipe, up 
to 1OD. 

PRESSTAKER. Join two or more 
parts together with the Press­ 
taker machine. It will press 
and stake in one operation, 
with no change of tooling. 

5/87/5M 

7@is 

Printed in U.S.A. 
Copyright PHI, 1987 

14955 Salt Lake Ave
City of Industry, CA 91746, U.S.A

Phone: 626-968-9680
Email: phisales@phihydraulics.com

Website: http://www.phihydraulics.com


